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RE-OCCUPIED as they are with problems of 
1 providing sufficient quantities of concrete and 
glass to accommodate all the pressing applicants. 
university leaders have found it difficult of late to 
spare the time to consider the kind of teaching which 
will best serve the graduate scientist or technologist. 
In his statement to Convocation of the University of 


| Leeds, the vice-chancellor, Sir Charles Morris, wisely 
‘resisted the temptation to deal with the expansion 
difficulties of the ’sixties and concentrated on the 
problems which are immediately in front of all 
university teachers and administrators and which 
all can help to solve. 

Chief among these is the kind of science which 
should be included in undergraduate courses for 
scientists and technologists. Despite the accelerating 
pace of scientific discovery, the problem of adjusting 
syllabuses to meet the needs of students of pure 
science are, though difficult, not insuperable. 
} Although much that was considered essential in the 
past necessarily has to be cut out, at regular intervals 
there is a rethinking of the principles on which courses 
and syllabuses have to be rebuilt, and this is done at 


With the applied sciences however, and this 





nd Gauss 


Ltd. 


, N.19 


e Filters 


| 
} 
« infrequent intervals. 
I 


applies to medical as well as technological courses, 
the situation is quite different. Here knowledge of 
a pure science is not an end in itself. It is a piece of 
equipment which is necessary before the study of the 
applied science or the acquirement of professional 
skills can be initiated. The underlying danger is 
that the amount of knowledge of the pure sciences 
which teachers of technology demand may be much 
than individual students can humanly be 
expected to absorb. 

Nor are the difficulties confined to the students. 
Studies undertaken by pure scientists in teaching 
the applied scientists are becoming so exacting that 
the prospect of the pure science departments them- 
selves becoming considerably changed in nature and 
direction is by no means remote. The prospective 
engineer or metallurgist or medical man regards his 
basic chemistry, physics and mathematics as so 


more 


many obstacles to be got over before embarking on 
the studies that matter. Teaching or 
chemistry to such students involves much routine 
work and, to sustain student interest, demands not 
only much pedagogical skill but also a considerable 
quantity of evangelical zeal. To maintain continual 
interest, the teacher may have to resort to methods 
of teaching which may not always have been thought 
appropriate in university departments. 
» This is a problem which needs speedy resolution if 
| departments of pure science are to continue to flourish 
both as centres of creative investigation and places 
where pure scientists themselves may be taught. Sir 
Charles Morris believes that if this problem is not 
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solved, ‘‘the departments of pure science as centres 
for the advancement of knowledge and homes for 
education of the pure scientists of the future, may 
in many universities wither and die’. The alternative 
is that our future doctors and technologists may be 
brought up with insufficient knowledge of the basic 
sciences on which the whole structure of medicine 
and technology rests. 

To push this problem back to the schools would 
provide no lasting solution. Already the fear exists 
that, so far as science is concerned, too much is being 
demanded of the schools. Since the amount of pure 
science required by the technologists will grow more 
rather than less, it would seem inevitable that the 
universities will be required to teach more pure 
science to the applied scientists. 

The content of courses for technologists was also 
examined by Sir John Cockcroft, Master of Churchill 
College, Cambridge, in his Trueman Wood Lecture 
delivered to the Royal Society of Arts on April 26. 
Since their training should enable them to deal with 
the technological developments of the future rather 
than the problems of the past, Sir John suggested 
that university courses in technology should have 
a strong component of basic science. All students of 
technology, for example, should become familiar 
with the fundamentals of electricity and magnetism 
so that they can design equipment from first prin- 
ciples rather than handbooks. They should also 
know the principles of heat and thermodynamics, 
fluid dynamics as well as solid-state physics, which 
form the basis for understanding those solid-state 
electronic devices which are changing the face of 
technology. All basic training should stem from a 
good working knowledge of mathematics, particularly 
calculus and differential equations. Sir John would 
find wide support for his contention that mathematics 
should take priority over all other subjects in the 
training of sixth-form scientists who wish to enter a 
university or go directly into industry. Many would 
also support his view that to-day there is too much of 
a divorce between mathematics and physics in some 
universities, but would hesitate in replacing mathe- 
matics entirely by theoretical physics in the training 
of technologists. 

In the first one or two years of university education, 
potential technologists should study physics, chemis- 
try and mathematics, and Sir John commends as a 
model the Cambridge Natural Sciences Tripos Part I 
in which three or more sciences, including mathe- 
matics, are studied. 

The training of engineers should follow the same 
general principles that apply to the training of other 
technologists. In his first two years, the engineer 
should study those principles of engineering science 
which underlie his technology. Only then should he 
begin to specialize and spend a large part of his time 
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on electronics, thermodynamics, power engineering 
or other specialist subjects. Support for Sir John’s 
thesis came recently from the Institution of Chemical 
Engineers, which recommended that about 45 per 
cent of the teaching in a university should be devoted 
to pure science and mathematics. About an equal 
amount of time should be devoted to chemical 
engineering science and the remainder to other 
engineering science, report-writing and a foreign 
language. 

Regard for the way basic science is being taught in 
Australian universities has been expressed by Prof. 
A. E. Alexander, professor of physical chemistry in the 
University of Sydney (Vestes, 3, No. 4; December 
1960). Prof. Alexander’s reflexions were mainly 
concerned with chemistry and stem largely from the 
low staff-student ratio. At the University of Sydney 
enrolments for chemistry in 1960 were 2,250 and were 
accommodated in eight parallel lecture courses, these 
being taken by three lecturers, two temporary 
lecturers, and three teaching Fellows. In Australia 
little sixth-form chemistry is taught in the schools 
and Prof. Alexander sighs for the British system so 
that the university could be spared an intolerable 
burden of mass production and be able to spend more 


GOALS FOR SCIENCE | 


fg February 1960, General (formerly President) 
Eisenhower announced the appointment of a 
Commission on National Goals, and requested the 
members of this Commission to “develop a broad 
outline of co-ordinated national policies and pro- 
grams” and to “set up a series of goals in various 
areas of national activity’. The Commission’s report, 
including sixteen essays written by selected indi- 
viduals, was prepared and published in a volume 
entitled Goals for Americans. 

For its essay on science, the Commission chose Dr. 
Warren Weaver, vice-president of the Alfred P. Sloan 
Foundation, who, aided by the advice and counsel of 
a number of distinguished American scientists, pre- 
sented his contribution, which he called ‘‘A Great 
Age for Science”’. 

As this article was written by one of America’s 
leading scientists, and because of the number of 
requests for the material. it has been reprinted 
separately by the Foundation for special distribu- 
tion *. 

Of primary importance in Dr. Weaver's thesis is 
the need to recognize the importance of science 
teaching, and to reward teachers at all levels of the 
educational system. The fact that this need has been 
appreciated for some time, and is fairly self-evident, 
does not detract from intrinsic importance. 
Concern is growing in the United States about the 
present-day neglect and disparagement of teachers, 


By Warren Weaver. 
(New York 


its 


for Science. Pp. viii+ 35. 


Alfred P. Sloan 


* 4 Great Age 


(Reprinted from Goals for Americans.) 
Foundation, 


1961.) 
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time on teaching chemistry more appropriate to 2? 


VOL. 191 


university (see also Nature. 189, 444, 1961). Fo 
some time, however, the problem of large studen 
numbers has to be faced and raises anew the questions 
posed by Sir Charles Morris—what kinds of basi 
science should be taught to applied scientists. hoy 
much of it should be taught in the schools and thy 
university, and what teaching techniques the univer! 
sities should adopt to deal with the inevitable larg 
numbers. American universities have paid muel 
more attention to what should be taught and how j 
should be taught, and both Britain and Australi 
have much to learn from them. 

The time has surely come when such fundamenta. 
decisions should no longer be left to heads of depart! 
ments or ad hoc committees composed of member 
whose main interests are in research. Should no 
each faculty of pure and applied science initiat 
major research projects, carried out by senior researc! 
Fellows, to determine the content of their courses, th: 
way it should be taught, where the teaching shoul! 


be done, how much should be left to the schook 
how often revision should be carried out, ani 
who should be consulted before revision take 
place? 


N THE UNITED STATES 


j 
which, long-existent at the more elementary levels 
has now obtained a foothold in the universities. Th: 
university tradition of great scholar-teachers, dedi 
cated to research, but eager and willing to teach 
younger students, is being undermined. Nowadays 
scientists are being offered research posts with the/ 
added ‘advantage’ of very little teaching, duty, and 
many full-time research scientists, working at the 
universities and receiving salaries from _ research, 
contracts and grants, are, in the words of Dr. Weaver. 
“intellectual eunuchs, not at all involved in the 
propagation of their kind”. Furthermore, the 
premium placed on particular types of scientists 
for certain industries (notably the defence industry 
often leads to emergent Ph.D.s being offered research 
posts with salaries exceeding those of the professors 
supervising the theses. These trends are tending to 
denigrate the academic dignity and fundamenta 
importance of teaching, and the trend should be 
reversed. It is Dr. Weaver's contention that there 
are no secondary roles so far as teaching and research 
are concerned ; they should be equal partners. 

Much space is devoted to a discussion of the. 
position of science within the framework of society. 
That an enormous gap has opened up between the 
thinking of scientists and the views and attitudes oi 
mind of creative artists and moralists is serious; 
enough, but even more disastrous is the chasm which 
separates the scientist from the layman. Dr. Weaver 
Yorker of March 5. 1960: 
He is no 


quotes from The New 
“These are hard times for the layman. 
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jonger thought competent to work out his own 
opinions On many matters, even many that touch 
him intimately. His very survival has become the 
property of committees and the subject of learned 
arguments among specialists. He has little to say 
_. . being largely ignorant of the information upon 
which plans for him are based”’. 

Science is involved in many present-day social 
and political problems, and, in a democracy. these 
problems should be the concern of the citizens as 
well as the scientists. Further to this, science in the 
United States is now largely financed by Government 
agencies, Which are under the ultimate control of the 
citizens. People ought not to have to subscribe to 
something they know nothing about. 

These points make it imperative that individual 
citizens should have an improved understanding of 
what science is, and how it operates. 

On more specific but nevertheless highly impor- 
tant goals, the question of financial support for 
science is discussed. Often there is not enough 
distinction made between research and development, 
and a cursory glance at budget statements of *‘R and 
D’ (Research and Development) may give a mis- 
leading impression of the amount of support given 
to ‘R’. The figures indicate an enormous increase in 
the support of development, but the financial aid 
given to basic research has not kept pace. Although 
American defence commitments require enormous 
sums to be spent on development of missiles, rockets, 
ete., there is some criticism of the fundamental 
philosophy of State policy in this direction; military 
interservice rivalry and lack of understanding of 


No. 4786 


military objectives lead to wasteful duplication of 


developmental projects, and ‘crash programmes’. 
undertaken 
reason (‘space’ is the perfect example), lead to a 
budget which is heavily overburdened on the develop- 
mental side. It is argued that, with the introduction 
of a little more common sense, the total annual 
national allotment for pure research, which at the 
moment is in the region of 8-900 million dollars, 
could easily and profitably be raised to 1,500 
million dollars without increasing the overall research 
and development figures. 

Attention is also directed to the part played by 
industry in promoting basic scientific research, 
Although most of the misguided, old-fashioned 
acrimony between academic and industrial scientists 
has now disappeared, only a very few of the best 
American industries have established a satisfactory 
liaison between the interests of the community and 
the interests of the individual. Other industries, 
although giving the appearance of following this 
pattern. do not, in fact, go far enough. Furthermore, 
although there has been great improvement, indus- 
tries do not, in general, give enough support to 
research and education in universities and colleges. 
or to development of particular fields of science on 
which they themselves depend. 

‘Crash programmes’, which work on the false 
assumption that 2 billion dollars equal one solved 
cancer problem, often lack adequately trained and 
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more as a result of emotion than of 
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able personnel, and. most important of all, there 
has not been established a basic theory to work on, 
What is needed is a broad attack at the roots of a 
problem by means of reasoned, fundamental research 
rather thana phrenetically active but superficial attack, 
which reflects adversely on national maturity and 
prompts Dr. Weaver to ask himself, -What’s the 


rush ?” 


ROTATION OF THE EARTH 


The Rotation of the Earth 

A Geophysical Discussion. By Walter H. Munk 
and Gordon J. F. Maedonald. (Cambridge Mono- 
graphs on Mechanics and Applied Mathematics.) 


Pp. xix+323. (Cambridge: At the University 
Press, 1960.) 70s. net. 
HIS masterly book very well conveys the 


intellectual excitement of present-day geophysical 
research. From an examination of the places from 
which ancient eclipses were observed. Halley pointed 
out that the Moon's motion in longitude was gradually 
accelerating. Some of the best mathematical minds 
in the eighteenth century concerned themselves with 
the complex problem of providing a complete theory 
of the motions of bodies of the solar system, and 
Laplace in 1787 finally decided that this acceleration 
of the Moon was due to a decrease in the eccentricity 
of the Earth’s orbit arising from gravitational 
perturbations by the planets. However, about the 
middle of last century, J. C. Adams showed that 
Laplace had neglected certain terms and that, in 
fact, only half the acceleration of the Moon could be 
explained by purely gravitational causes. 

Gradually it became evident that the discrepancy 
was due to a secular increase in the length of the 
day, that is, a slowing up of the Earth’s rotation. 
The much more detailed knowledge of the Moon’s 
longitude, acquired through astronomical measure- 
ments in the past few hundred years, has shown that 
in addition to this secular acceleration of the Moon’s 
longitude there are irregular changes with a time 
scale similar to that of the geomagnetic secular 
variation (about 50 years). The work of numerous 
astronomers, culminating in the famous paper of 
Spencer Jones in 1939, showed that these irregular 
fluctuations are also due to the changes in the length 
of the day. Since the War the Earth’s rotation has 
been timed accurately over much shorter periods 
still by quartz clocks and an annual term in the 
Earth’s rotation discovered. 

About a hundred years ago astronomical determ- 
inations of the latitude of observatories became 
accurate enough to detect that the Earth’s axis of 
rotation is wobbling, with respect to the Earth, a 
few tens of feet during periods of twelve months 
and fourteen months. The extraordinary accuracy 
of astronomical measurements by which these vari- 
ous phenomena have been discovered should be 
a cause of wonder: the irregular changes in the 
length of the day, for example, are about one part 
in 108. All these phenomena give very important 
information about the Earth, and Munk and 
Macdonald give a fascinating description of the analy- 
sis required to explain them. The secular decelera- 
tion of the Earth appears to result from the friction 
of the lunar oceanic tides; the irregular fluctuations 
in the length of the day from the turbulent motion 
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in the Earth’s core, which produces the magnetic 
field; and the seasonal changes from asymmetry 
in the atmospheric circulation in the southern and 
which 
cause the Earth to wobble on its axis are unknown, 
and this causes some difficulty at present in making 
reliable inferences concerning the properties of the 


northern hemisplieres. The exciting forces 


interior of the Earth from the variation of latitude 
data. 

However, on the 
phenomena so far referred to can be explained with- 
out having to assume any very startling new depar- 
tures in geophysical thinking, and so, as Munk and 
Macdonald show, a mathematically satisfying and 
fairly tidy story results. However, for the complete- 
ness of their account of the idiosyncrasies of the 
Earth’s rotation, Munk and Macdonald refer to the 
evidence, which has accumulated in recent years 
from paleomagnetic work, that large changes of the 
relative positions of the axis of rotation and the 
continents have occurred gradually over hundreds of 
millions of years. These theories of ‘polar wandering’ 
and ‘continental drift’ were vigorously debated 
thirty years ago by geologists and geophysicists and 
were then largely discredited. Munk and Macdonald 
discuss the possibility of producing large polar 
wandering, but they baulk at the idea of continental 
drift. Instead, they take refuge in a somewhat 
unsympathetic discussion of the paleomagnetic 
evidence, although these data are massive in quantity 
and are probably more statistically significant than 
some of the other observational evidence which 
they accept quite happily in the earlier part of their 
book. The beauty of the book is to show how 
evidence from such widely different fields as geology 
and positional astronomy must be woven together 
to understand this central problem of geophysics. 

S. K. Runcorn 


ASTRONOMY IN THE MAKING 


The Controversy on the Comets of 1618 
By Galileo Galilei, Horatio Grassi, Mario Guiducci 
and Johann Kepler. Translated by Stillman Drake 
and C. D. O'Malley. Pp. xxv +380. (Philadelphia : 
University of Pennsylvania Press ; London: Oxford 
University Press, 1960.) 48s. net. 
S the links of the new astronomy were being 
L forged in the seventeenth century, controversies, 
often heated and sometimes polemical, arose among 
the cognoscenti. On one hand the Aristotelian and 
Ptolemaic universe was upheld, having the respecta- 
bility of authority and the blessings of the Church 
behind it; on the other the revolutionary ideas of 
Copernicus and Tycho Brahe were advocated by 
Galileo and Kepler, who also had their own novel 
contributions to make and who were supported by 
others of like mind. One of the difficulties of looking 
back on these formative years is so to stimulate the 
imagination that one can obtain something of the 
essence of the reality of the problems which had to be 
solved. It is only too easy to judge with a decision 
based on what we now know was later to be discovered 
and proved. Probably the best way out of this 
difficulty where possible, to read the actual 
arguments which took place and, moreover, to read 
them in the words of the actual protagonists concerned. 
In the autumn of 1618 there appeared three bright 
comets, visible to the naked The question 


18, 


eye. 
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whole, all the observations of 
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arose whether these objects were meteorological jy * 


nature or whether they were truly celestial bodix 
and, if the latter, what really was the nature of their 
paths. The appearance of the comets aroused wide 
interest, many pamphlets about them appeared, and 
Galileo, then aged fifty-four, entered the arena of 
controversy and produced his brilliant polemi 
Il Saggiatore. This book is important not so muct 


for its scientific content or its literary merit, high’ 


though this is, but primarily for an insight int 
Galileo’s approach to scientific matters; modern 
scientific method is here seen as it was in its early 
stages. 

Yet Mr. Drake and Dr. O’Malley have, in their 
book, done more than provide, for the first time, 
a translation of the whole of Il Saggiatore, for they 


have also placed this gem in its appropriate setting. 


This they have achieved by beginning with a trans. 
lation of Gassi’s disputation on the three comets and 
giving also his Libra Astronomica, which was published 
under the pseudonym of Lothario Sarsi. Inter. 
spersing Gassi’s work is a translation of Guiducci’s 


discourse on the comets (and really written by 
Galileo), and following Gassi’s Libra Astronomica 
there is Guiducci’s own letter about the matter 


written to his old professor, Tarquinio Galluzzi 
Il Saggiatore comes next, and then there are appended 
Kepler’s remarks on it taken from his T'ychonis 
Brahei Dani Hyperaspistes. Thus, within the covers 


of one volume, we have the whole of the controversy | 


over the three comets. 

The works given are, of course, eminently readable, 
for their authors wrote well and the translations 
which have been made are excellent. Excellent also 


is Mr. Drake’s nineteen-page introduction in which | 


he sets out very clearly sufficient of the ramifications 
which lay behind the controversy and of the nature 
of the protagonists to make the translations illustrate 
their points clearly. Throughout the book there are 
references to notes which, given at the end of the 
volume, elucidate various points or obscurities in the 
main body of the text, and there is also an adequate 
index. Well printed in England, the price of the book 
may seem, perhaps, rather high, but nevertheless 
this excellent contribution to the history of science 
is much to be recommended. Coxtry A. Ronan 


THEORETICAL METEOROLOGY 


Introduction to Theoretical Meteorology 
By Prof. Seymour L. Hess. Pp. xiv+362. (New 
York: Henry Holt and Company; London: 


Constable and Co., Ltd., 1959.) 60s. net. 


HIS is an important new text-book written 
primarily for students, but equally suitable for 
those desiring an up-to-date review of the subject. 
The aim has been to provide a reasonably rigorous 


treatment which is not rendered unnecessarily 
difficult by advanced mathematical arguments. 


The first seven chapters are devoted to basic thermo- 
dynamics, the properties of water vapour and 
hydrostatic stability, and the next three chapters 
to radiation theory and its application to the Earth- 
atmosphere system. The remaining eleven chapters 
deal with dynamics, including viscosity, turbulence 
and modern numerical techniques. 

The main emphasis is placed on_ large-scale 
properties of the atmosphere. The general circula- 
tion and the role of depressions and anticyclones in 
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its maintenance receives a thorough treatment which 
brings the reader with a minimum of difficulty right 
to the frontiers of our knowledge of what is probably 
the most fascinating of all meteorological problems. 
On the other hand, smaller-scale phenomena such as 
sea-breezes are given a somewhat cursory treatment, 
and mountain waves are not mentioned at all, even 
though they have received much attention in recent 
years. Convection is discussed in more detail. 
but the impression given that a convection current 
behaves dynamically like a rising balloon subjected 
to viscous drag is misleading, since an _ isolated 
convection element is now known to be a rising 
vortex ring. The author's derivation of the equations 
of motion of the atmosphere is somewhat novel and 
will appeal to many, but may not satisfy those who 
are mathematically inclined. A more _ rigorous 
derivation, preferably using vectors, could well be 
appended. 

These criticisms of detail must not be allowed to 
detract from the overall good quality of this book. 
The author’s style is lucid and his presentation of 
some concepts, such as inertial stability and the 
vorticity equation, is particularly attractive. The 
examples at the end of each chapter are well designed 
and will help the student to acquire a knowledge of 
the factors which are of primary importance in the 
many and varied physical problems encountered in 
meteorology. RoBERT P. PEARCE 


INCOMPRESSIBLE AERODYNAMICS 


Incompressible Aerodynamics 
An Account of the Theory and Observation of the 
Steady Flow of Incompressible Fluid past Aerofoils, 
Wings, and other Bodies. ‘Edited by Bryan Thwaites. 
(Fluid Motion Memoirs.) Pp. xx+636. (Oxford: 
Clarendon Press; London: Oxford University Press, 
1960.) 75s. net. 
rT HIS book is the first of a new series of Memoirs 
on Fluid Motion which will also include volumes 
on laminar boundary layers and turbulence. It 
addresses itself to a class of problems which have been 
pushed off the centre of the acrodynamics stage by 
the current fashion for magnetogasdynamics, hyper- 
sonies, rarefied flows and all the other exotic fields 
associated with space flight or long-range rocketry— 
namely, the many non-linear problems of incompres- 
sible aerodynamics. 

Nevertheless, these more old-fashioned problems of 
low-speed flight are neither irrelevant nor by any 
means solved or even fully understood, and the 
present volume is a welcome addition to the library 
of those in the aeronautical profession who are still 
concerned with aircraft which must take off, man- 
ewuvre and land with a reasonable degree of effective- 
ness and reliability; nor will it be found trivial by 
those many lovers of fluid mechanies who are fascin- 
ated by rotational and separated flow-patterns. 

The basic thread which runs through this book is 
the subtle interplay of models of flow patterns sug- 
gested by ingenious experiments (both detailed 
measurements of pressures and visualization of flow 
fields by means of smoke, tufts and other devices) 
and approximate analytical techniques designed to 
fit the observed flow patterns into the fabric of 
classical aerodynamics. Never is the model over- 


simplified to make it amenable to analysis; never is 
mathematics pursued for its own sake to a sophistica- 
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tion beyond that of the physical picture. At all 
times, the relevance of the questions and of the 
answers to the design of more effective machines is 
clearly kept in mind. 

Among the sections which I have found of particu- 
lar interest. those which deal with stalling wings, 
separated flows over swept wings and thick wakes, 
appear outstanding; but this judgment is most 
likely a reflexion of my tastes. The treatment of 
almost all the difficult low-speed flight problems by 
ingenious methods is fascinating and a worthy 
monument to the men, largely at the National 
Physical Laboratory and the Royal Aircraft Estab- 
lishment, who created a distinctive English style in 
aerodynamics, compounded of sound technique, 
balanced judgment and a profound intuitive feeling 
for the physics of fluid flow problems. 

LEON TRILLING 


INFRA-RED ARTS 


Infrared Methods 

Principles and Applications. By G. K. T. Conn and 
D. G. Avery. (Physical Chemistry : a Series of Mono- 
graphs, Vol.7.) Pp. viii+ 203. (New York: Academic 
Press, Inc.; London: Academic Press Inc. (London), 
Ltd., 1960.) 6.80 dollars 


SPECTACULAR change in the attitude of 
A chemists over the past twenty years has been 
their acceptance of physical methods for solving 
problems, particularly in organic structural work and 
in analysis. Among these methods is_ infra-red 
spectroscopy, which is now, and is likely to remain, 
a routine tool of the chemist. The arrival of ‘simpli- 
fied’ commercial instruments is making the infra-red 
spectrometer as commonplace in laboratories as the 
refractometer and is creating a class of user who has 
no interest in spectroscopy for its own sake and 
little in the principles of operation and design of 
instruments ; infra-red spectroscopy is no longer 
the preserve of the physicist and physical chemist. 
Any book with the broad title Infrared Methods— 
Principles and Applications is thus likely to have 
drawn to it the attention of a very large number of 
students and research workers. It must be said, 
however, that many of these will find the title mis- 
leading, for the principles are those involved in gener- 
ating, dispersing, and detecting infra-red radiation, 
the applications are in the calibration of detectors, 
the production of monochromatic radiation, in the 
design of instruments for industrial gas analysis and 
plant control, and in pyrometry. This book is 
written from the point of view of the experimental 
physicist, and when the authors suggest that it is an 
introduction to infra-red studies for “the research 
student and the student in allied fields” it should be 
understood that they refer to the research student 
of spectroscopy or allied fields of physics. The 
average worker in other fields who wants to under- 
stand how an infra-red spectrometer works and what 
its limitations are will find it far beyond his needs. 
Authors write as they view the subject, but it does 
seem remarkable to find a work such as this in a series 
of monographs on physical chemistry. There is, 
without doubt, a demand for an up-to-date authorita- 
tive account of practical methods in infra-red spectro- 
scopy written with chemical applications strongly 
in mind. This monograph does not satisfy it. 
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The chosen material is presented in a clear manner 
with a fair number of references to original papers. 
The book is beautifully produced, only two errors 
being noted, in figures 1. 2 and V. 5. 


E. S. WaImcut 


THE ELECTRON MICROSCOPE 


The Electron Microscope 

The Present State of the Art. By M. E. Haine, 
with a Chapter on Applications in Collaboration with 
Dr. V. E. Cosslett. Pp. xvi+282. (London: E. and 
F. N. Spon, Ltd., 1961). 55s. net. 


6 ee book, by the best British electron microscope 

engineer, with a chapter on applications written 
in collaboration with the doyen of British experts, 
is in many ways the last word on the electron micro- 
scope. It took the optical microscope 200 years to 
develop, from Leeuwenhoek to Abbe, from the 
‘dewdrop’ to the apochromat. The electron micro- 
scope took less than 25 years from the primitive 
‘magnifying glass’ of Knoll and Ruska, to the attain- 
ment of the present limiting resolution of about 
6 A., also by Ruska, in 1954. which. as readers of 
this book will soon become aware, is not likely to be 
much bettered in the future. 

In the optical microscope two centuries of work 
went into correcting the aberrations, and the work 
is not yet quite finished. In electron optics it took 
only a few years before Scherzer demonstrated that 
the spherical aberration could not be corrected, and 
the question was only to find the optimum. In the 
electron microscope all the essential ‘optical design’ 
now boils down to a single curve (Fig. 1.7, p. 8). 
computed by the late G. Liebmann, one of the principal 
author’s able collaborators, from which designers 
ean pick their choice, according to the number of 
ampere turns which they are willing to embody in 
their objectives. The optimum theoretical resolution 
is about 2-7 A. at 50 kV. and could be reduced to 
1-5 A. at 400 kV.--probably at the expense of 
contrast. The reasons why the practical resolution 
is only about one-half of the theoretical are fully and 
ably explained by Dr. Haine. It is particularly 
welcome that, apart from a detailed discussion of 
astigmatism, vibrations, creep, contaminations, etc., 
he describes, in full practical detail, the remarkable 
Haine-Mulvey Fresnel fringe test. so that every user 
of an electron microscope can test for himself the 
resolution limit of his own instrument. 

The resolving power of the electron microscope has 
stopped at a particularly uninteresting stage. There 
are very few objects of 6 A. size ; organic molecules 
of this size have insufficient contrast. metal colloids 
tend to grow spontaneously to about twice this size, 
atomic lattice spacings are finer. (Only J. W. Menter 
was able to find an interesting example. by directly 
resolving the lattice of molybdenum trioxide, Fig. 10. 
25, p. 270). If the resolution limit could be reduced 
below 3 A., most atomic lattices could be resolved. 
The present book makes it clear why attempts to 
achieve this have failed, and are probably bound to 
fail for a long time—such as Scherzer’s remarkable 


non-rotational lens. and the reviewer's suggestion 
of taking an imperfect electronic image, which is 
complete as it contains a record of phases as well as of 
amplitudes, and doing the corrections with light, in a 
optical 


second, process. The difficulties are so 
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; 
formidable that for a long time the electron mien. 
scope is bound to stay at the present limit—whi, 
however, does not exclude interesting new special 
types, such as high-voltage instruments and _ inter. 
ference microscopes, and the standard instrument will 
become a more and more convenient instrument for 
the user. 

It is to the user—the biologist, the metallographer 
the physical chemist—that this book is chiefly ad 
dressed. Correspondingly the mathematics is cut dow: 
to a minimum, but the critical attitude of Dr. Haine. 
who cannot suffer obscurities, has forced him to mak: 
this minimum so complete that it is somewhat doubt 
ful whether most of the users of electron microscopes 
will not find it far above their heads. It takes a special. 
ist to appreciate fully the amount of critical thinking! 
which has gone into this book. I believe that ir 
will have its greatest effect in the case of that jsmal 
but important and growing class of users who are 
fully trained physicists (working mostly on imperfect 
crystals, such as metals) and who are willing to & 


to some pains to understand not only their object 
but also their instrument. D. GaBor 

} 

ORGANO-METAL COMPOUNDS 

| 
Organo-Metallic Compounds 
By Prof. G. E. Coates. Second edition. Pp. xiii+ 
366. (London: Methuen and Co., Ltd.; New York 
John Wiley and Sons, Inc., 1960.) 45s. net. } 


FT HE original stimulus for the investigation of | 

| organo-metallic compounds came from the possi- | 
bility of their use in organic synthesis. Indeed, many } 
chemists a decade or so ago were really familiar with 
only one class of compounds, namely, the Grignard 
reagents. To-day there exists an extensive subject 
covering compounds of almost all the known elements, 
which is rapidly developing and which is followed by 
many different kinds of chemist. The impressive , 
advances which have been made have in many cases 
been the product of co-operation between theoretical, 
organic, inorganic and physical chemists. Synthetic 
organic chemistry is still, however, a major beneficiary 
from the investigation of these compounds, but there 
is an ever-increasing independence emerging in the 
studies in this field. 

The first edition of this book (190 pages) appeared 
as a Methuen Monograph in 1956, having been written 
for the most part in 1953-54, with a section on the 
cyclopentadienyls having been added in prof. In 
the intervening years the amount of published work 
has been very great, so that even with certain con- 
densations of material, notably that concerning 
orgeno-boron compounds, the second edition now 
comprises 360 pages and, in addition, has a larger 
page size. Such an expansion is inevitable and Is 
completely justified in that this new and enlarged 
edition presents an almost complete picture of those 
compounds in which a direct metal-carbon bond is , 
present. As in the previous edition the extensive 
organic chemistry of phosphorus, arsenic and silicon is 
omitted. The layout is little changed, but certain 


new theoretical and industrial aspects are now in- , 


, chap 


cluded. The main changes are to the sections on the 
alkali metals, boron, tin and the transition metals. 
This latter section has been expanded from 27 to 
127 pages and now includes a thorough description 
of certain of the transition metal complexes in terms 
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molecular orbital theory. Throughout. complexes 
are discussed in terms ofo or = bonding. 

The author’s personal enthusiasm and experience 
in this field are clearly apparent, particularly in certain 
of the descriptions of preparations in which consider- 
able detail is given; an aspect which should add 
considerably to the value of the book for those 
actually working in the field. Others will find the 
wide coverage of this book most helpful in obtaining 
an appreciation of the present position of organo- 
metallics. The book is marred unfortunately by a 
number of typographical errors. The first edition 
was cheap at 12s. 6d. The second edition is reason- 
ably priced at 45s. in view of its increased coverage. 

D. S. PAYNE 


No. 4786 


RADIATION CHEMISTRY OF 
ORGANIC COMPOUNDS 


Radiation Chemistry of Organic Compounds 

By Dr. A. J. Swallow. (International Series of 
) Monographs on Radiation Effects in Materials, 
Vol. 2). Pp. xiii+380. (London and New York: 
Pergamon Press, 1960.) 84s. net. 


N this book the author defines his objectives as the 
| | presentation of an overall picture of radiation 
chemistry and a review of the published work on 
the subject between 1895 and 1958. He begins with 
a brief introductory account of the interaction of 
) radiation with matter, and a discussion of the 
| transient species formed by radiation. The transient 

species are simple in the extreme compared with the 
| highly complex systems to be discussed later in the 
book. 

There follows a chapter on experimental methods 
which deals, only in outline, with radiation sources, 
purity of materials—a feature often overlooked, 
says the author, in some of the experimental work 
reported on—analysis of products. and dosimetry. 

) In no sense is this a practical manual of techniques, 
| but it surveys very adequately the background to 
the chapters which follow. 

Very wisely, the author devotes the next chapter 
to the radiation chemistry of aqueous systems, 
partly because he can illustrate the fundamentals 
of the mechanism of radiation changes, and because 
of the importance of aqueous systems for the under- 

‘standing of radiation effects on biological systems. 
The four chapters which follow deal with aliphatic 
and aromatic compounds, polymers and dyestuffs. 
In these chapters the author’s task was difficult in 
the extreme for, as he says, mechanisms are not yet 
fully understood even for simple molecules. Thus, 
much of the material presented catalogues the results 
of radiation of a vast range of compounds, with 
comments on mechanism where this is even partially 
understood. I would have liked more comment on 
mechanism, no matter how speculative it had to be. 
The author deserves great credit for the thoroughness 
) of his searches before presenting this—and the other 
material in the book. 

The next chapter deals extensively with radiation 
effects on substances of biological interest, with 

limited reference to in vivo systems, and the final 
, chapter deals with such diverse topics as the origin 
of organic compounds in the history of the Earth, 
tadiotherapeutics, sterilization of pharmaceutical 
products, food, and detailed investigation of the 
| ‘conomies of commercial radiation. This chapter 


; 


XUM 


NATURE 


317 


contains the surprisingly few examples of commer- 
cially feasible radiation processes which have been 
discovered, in spite of the vast amount of irradiation 
experimentation in the laboratory. The importance 
of radiation damage to organic coolants and lubri- 
cants for reactors is also discussed. 

Although it has a few stylistic defects, the book is 
written with great clarity, without unnecessary 
preamble or loquaciousness, in a refreshingly direct 
way. It covers an amazing range of material, which 
is referred to by a sensible reference system collected 
at the end of the book. The chapters are constructed 
according to well-established rules of learning— 
a brief statement of the aims of the chapter, the 
detailed discussion. then a brief statement of the 
results. 

The main value of the book lies in the fact that it 
makes readily accessible the state of knowledge about 
particular systems. Its discussion of mechanism is 
necessarily brief ; but since such a book as this in a 
subject which is rapidly growing will surely be 
revised, the author might consider greater elaboration 
of the discussion on fundamental aspects of the sub- 
ject, whether the knowledge is speculative or tentative 
or otherwise, perhaps at the price of compressing 
some of the factual matter into tabular form. The 
present structure of the book reflects the way in which 
the subject has grown empirically, without a detailed 
and exact theoretical basis. Perhaps this situation 
will change in the cycle of experiment, theoretical 
interpretation, prediction, and further enlightened 
experimentation. S. J. THomson 


PHYSICAL METHODS OF ORGANIC 
CHEMISTRY 


Physical Methods of Organic Chemistry 
Part 3. Edited by Arnold Weissberger. 
completely revised and augmented edition. (Tech- 
nique of Organic Chemistry, Vol. 1, Part 3.) Pp. 
xii + 1799-2634+13. 184s. Part 4. Edited 
by Arnold Weissberger. Third, completely revised 
and augmented edition. (Technique of Organic 
Chemistry, Vol. 1, Part 4). Pp. xii + 2635-3539 + 65. 
195s. (New York: Interscience Publishers. Ince. : 
London: Interscience Publishers, Ltd., 1960.) 


Third, 


HE general features of Physical Methods of 

Organic Chemistry have been indicated by the 
present reviewer when commenting on Parts 1 and 2, 
which were issued a year ago (Nature, 189, 954, 1961). 
Parts 3 and 4, which have now appeared, keep to the 
same general type in that they are mainly written by 
physicists for chemists and do not explain sufficiently 
the scientific significance of the types of measure- 
ments which they describe. However, organic 
chemists to whom the volumes have, by title, been 
commended will find Parts 3 and 4 of much more 
interest than Parts 1 and 2, since these survey the 
major optical and electrical techniques in use to-day 
for the investigation of molecular structure. 

Part 3 deals mainly with optical measurements. 
Two sections on “Spectroscopy and Spectrophoto- 
metry” from the old edition have now been expanded 
to five chapters without inclusion of superfluous 
material. The chapter on “Ultraviolet and Visible 
Spectroscopy” (150 pages) can be commended as a 
well-balanced review in which technical improvements 
are brought to notice and the structural significance 
of experimental results is explained in simple terms. 
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In contrast, the chapter on “Infrared Spectroscopy” 
deals almost exclusively with intrumentation and 
techniques, but this is to be excused since Volume 9 
of the general series has dealt with the subject. 

A number of following chapters on colorimetry, 
fluorescence, light scattering and polarimetry have 
few novel features, but, following these W. Klyne 
and A. C. Parker have written a new chapter on 
optical rotatory dispersion to deal with the major 
recent development of polarimetry which has had, 
in the past five years. a profound influence on know- 
ledge of structural organic chemistry. Half this 
chapter is devoted to a judiciously selected survey 
of recent experimental data together with their 
cognate theoretical interpretations. The chapter can 
be commended as a concise, well-explained summary 
of this important subject. 

Again, a new chapter by C. G. and R. J. W. le 
Févre on the Kerr effect is a useful addition to the 
treatise, but the same can scarcely be claimed of a 
later new chapter on the Faraday effect which, as 
yet, has found little practical or even theoretical 
applicability. Old, but slightly revised, chapters 
on determinations of dielectric constants and of 
dipole moments complete this volume. 

Part 4 has several quite new chapters. Microwave 
spectroscopy is accorded 35 pages and, following this, 
nuclear magnetic resonance is surveyed by H. 8S. 
Gutowsky in a well-balanced 130-page chapter. 
The use of this important technique receives sufficient 
description for the chemist who wishes to be conver- 
sant with its applicability without having to delve 
too deeply into quantum theory. Following this the 
treatment of paramagnetic resonance, in 70 pages, 
is too heavily mathematical and fails to give an 
adequate impression of the value of this type of 
measurement. There is no indication that this type 
of measurement may be of particular value to bio- 
chemists in elucidating the behaviour of such complex 
substances as active preparations of enzymes. 

After these chapters, that on the determination 
of magnetic susceptibility, by P. W. Selwood, is 
old and conventional. The author has discussed 
applicability in terms of organic chemistry but has 
failed to indicate the growing significance of this 
technique for inorganic chemists, although these 
scientists are more and more concerning themselves 
with organo-metallic compounds of diverse types. 

Old chapters on conductometry, electrophoresis and 
polarography have been revised slightly and two new 
ones on determination of transport numbers and 
controlled-potential electrolysis have been added. 
The theoretical significance and the synthetic applica- 
bility of this last technique fully merit the attention 
which it has been accorded; these aspects of the 
subject receive adequate treatment. Determination 
of radioactivity has been accorded a hundred pages 
and is not over long, for there have been major 
developments of experimental techniques since the 
last edition of this book appeared. Very properly 
the chapter deals mainly with the counting of 
carbon-14 and of tritium, but describes, in full, the 
chemical procedures required for the conversion of 
organic substances into samples suitable for radio- 
assay. Finally, the chapter on mass spectrometry, 
thoroughly modernized, closes the book. It again 
can be commended for devoting more than half its 
length to applications in both pure and applied 
organic chemistry. Due note has been taken of the 


conjoint use of mass spectrometry and gas chromato- 
graphy. 
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The high cost of these volumes will undoubtedy’ 0! 


restrict their sale, except to reference libraries, by, a0! 
considering the excellence of the printing and the side 
clarity of the diagrams, they could scarcely ly, ové 
produced more cheaply. However, since these two (WE 
parts contain the chapters to which reference wil and 
most regularly be made, potential users should abo 
seriously consider the advisability of purchasing elec 
individual parts of the work rather than the complet) 5 
set of four volumes. W. A. Waters) whi 
intr 
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CHEMISTRY AND THE NERVOUS an 
SYSTEM of | 

} corm 

The Neurochemistry of Nucleotides and Aminc pe 
Acids yrs 
spe 


A Symposium of the Section on Neurochemistry 
American Academy of Neurology. Edited by Rosco 
O. Brady and Donald B. Tower. Pp. xii+292 
(New York: John Wiley and Sons, Inc. ; London 
Chapman and Hall, Ltd., 1960.) 80s. net. 
Phosphorus Metabolism of Brain 

By Dr. P. J. Heald. Pp. vii+195. 


Ad\ 
(London ani Vol 
New York: Pergamon Press, 1960). 


2 . 
42s. net. and 


HE Neurochemistry of Nucleotides and Amin | But 
Acids, being a symposium of multiple authorship 
exhibits considerable variety of style and approact| Vor 
among the thirteen main contributors. The article} Deu 

on adenine nucleotides (by E. G. Trams), on guanin | 
nucleotides (by D. R. Sanadi) and on the phosphatic} ~~ 
bases (by D. M. Greenberg) range far beyond the} 
confines of neurochemistry. Dr. Greenberg’s paper 


was originally delivered in absentia, and in its printed, Geld 
form is accompanied by a running commentary in pres 
footnotes from Dr. J. Stekol, who actually read the jp ¢ 
paper for Dr. Greenberg at the meeting on which gj, 
this book is based. This novel variant of the ‘invited jg ¢ 


discussion’ may, as the sessional chairman observed. , this 
become a precedent for a new kind of symposium.) ppit 
Other notable contributions more directly oriented} fye 
towards the nervous system are those by R. J. yy 
Rossiter and his co-workers on the cytidine nucleotides, plex 
and by N. O. Kaplan on the pyridine nucleotides. gop; 
The section on amino-acids contains a thoughtful proc 
review by H. Waelsch, with A. Lajtha, on protein (J, 
metabolism in brain, and two papers on y-amino- , Ayo 
butyric acid which, however, deal mainly with! met 
metabolic minutiz. Some of the recorded discussion page 
might have benefited from rather more drastic | pot 
editing, but Dr. Tower has written a useful summary } yey; 
which effectively rounds off this lively series of mainly | tiey 
neurochemical snippets. sour 
Dr. Heald’s book on the Phosphorus Metabolism | plac 
of Brain is a slim volume with a high density of) the, 
contained information, and, for a biochemical) thay 
monograph, it has the distinction of not including 4) the 
single chemical formula of the classical type. The’ yo 
opening pages summarize data on the composition, thay 
of normal brain in respect of phosphorus compounds. | of ¢ 
the text being fully documented and embellished with | jp ¢ 
several compendious tables. Such compression of! som 
material reflects much labour in compilation, but , wha 
imposes some initial strain on the reader, although | ppeg 
for reference purposes it enhances the value of the! ma} 
section. In later parts of the book emphasis shifts Att 
towards the functional correlates of the reactions > are 
described and the writing gains in fluency. Research | gut} 
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work based both on investigation of brains of whole 
animals and of isolated tissue preparations is con- 
sidered, particular attention being given to the turn- 
over of nucleotide and other ‘high-energy’ phosphates 
(where there is common ground between Dr. Heald 
and certain participants in the symposium reviewed 
above). The interpretation of experiments in which 
electric pulses are applied to slices of brain suspended 
in saline is judicially discussed, and a phosphoprotein 
which Dr. Heald has investigated figures in an 
intriguing, if speculative, scheme of reactions linking 
phosphate bond energy with ionic migrations in 
nerve cells. Other topics covered include the 
synthesis of phospholipids and the metabolic effects 
of anesthetics; the book as a whole provides a 
comprehensive and timely survey of a field of study 
where general biochemical concepts such as that of 
energy-rich phosphate bonds may be related to the 
special features of a highly differentiated organ. 


R. V. Coxon 


No. 4786 


FLUORINE CHEMISTRY 


Advances in Fluorine Chemistry 

Vol. 1. Edited by Prof. M. Stacey, Prof. J. C. Tatlow 
and Dr. A. G. Sharp. Pp. vii+203. (London: 
Butterworths Scientific Publications, 1960.) 45s. 


Chemie der Organischen Fluorverbindungen 

Von Milos Hudlicky. Pp. xviii+416. (Berlin: Veb 
Deutscher Verlag der Wissenschaften, 1960.) 51.60 
D.M. 


DVANCES in Fluorine Chemistry is an excellent 
beginning at fulfilling a critical need in the 

field of fluorine chemistry, namely, a systematic 
presentation and appraisal of the chemistry embodied 
in the various major areas of this rapidly expanding 
field. To cover all the areas with the attention that 
is their due is a monumental task. The editors of 
this book have selected a number of prominent 
British research chemists and teachers to write on 
five areas. These are: the halogen fluorides (W. K. R. 
Musgrave), transition metal fluorides and their com- 
plexes (A. G. Sharpe), fluoroboric acids and their 
derivatives (D. W. A. Sharp), the electrochemical 
process for the synthesis of fluoro-organic compounds 
(J. Burdon and J. C. Tatlow), and exhaustive 
fluorinations of organic compounds with high-valency 
metallic fluorides (M. Stacey and J. C. Tatlow). 
Each chapter is written with every attempt made 
not to be redundant. Whenever an earlier book or 
review article has made a contribution to the par- 
ticular area under discussion it is cited as a prime 
source. As a result, in general, more emphasis is 
placed on the reactions and fundamental nature of 
the chemistry of both inorganic and organic fluorides 
than on the general preparative procedures, for 
the various authors are aware that a systematic 
fluorine chemistry is developing, is ready for more 
than a casual interpretation in terms of the science 
of chemistry and that the time has arrived to do so 
inearnest. Although there is a minor tendency, in 
some parts of the text, to extrapolate a bit beyond 
what may be construed as conservative, the facts are 
presented thoroughly enough to allow the reader to 
make his own interpretations, if he chooses to do so. 
At the same time, some of the writers of this book 
are courageous enough to be mildly critical of the 
authors they are citing when the occasion demands 
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it. This is not a common practice, but appears with 
sufficient frequency to be stimulating. 

This book is no less than its title advertises. It 
should prove helpful to the fluorine chemist in 
keeping abreast with the five areas discussed. If 
detailed data on a compended variety of fluorine 
compounds is what is being sought by the reader, he 
is referred to the more than adequate bibliography 
that follows each chapter. Typical of the better 
books by British authors, this book is up to date 
(1959), well written and discriminating. On the 
lighter side, the careful reader is in for a mild surprise 
when he reaches p. 11, and finds that gravity 
acts differently in England and in the United 
States. 

In the introduction, Prof. Stacey states that this 
is the first volume in a series, and that further 
volumes written by chemists from several countries 
are to be anticipated. 

The German edition of the book by Hudlicky is 
essentially a translation of the original edition in 
Czech reportedly brought more up to date by the 
addition of material that appeared in the chemical 
literature between the dates of publication. The 
author admits that the book is the result of his own 
attempts to enlighten himself in the area of fluorine 
chemistry. 

The book meets rather well the purpose for which 
it was published, namely, to present in broad aspect 
the materials, conditions, yields and methods for 
preparing organic fluorine compounds. To this extent, 
the work is well done. No attempt is made to cover 
every appropriate compound produced or to compile 
the properties of those that are reported. Reaction 
equations, with conditions and yields, are used 
liberally to account for the results reported. Each 
such equation has a bibliographical reference and all 
information is cross-indexed by paper, author and 
compound, making it very simple to find any desired 
preparation. Consequently, even a student with a 
minimal comprehension of scientific German can use 
this book to good advantage. 

There has been no attempt made to write this 
book for any purpose other than as a suitable reference 
text for information apropos laboratory practice in 
preparing organic fluorine compounds. There are a 
number of short chapters on nomenclature, materials 
for handling fluorine, reactions of fluorine with 
various substance, hydrogen fluoride and inorganic 
fluorides. To complete the book, sections on fluorine 
analysis, freons, and plastics containing fluorine are 
considered briefly. 

The bulk of the text involves methods for putting 
fluorine into organic compounds, the various pre- 
parations of organic fluorine compounds, and their 
chemical reactions. A short chapter on the general 
physical properties of these compounds completes 
the book. 

There is no serious attempt to present a critical 
analysis of fluorine chemistry nor is any serious 
distinction made between organic fluorine compounds 
and fluorocarbon compounds. Most conclusions as to 
the mechanisms and nature of the chemistry cited 
are left to the discretion of the reader. 

To sum up, this book is in no way an erudite but 
rather a practical reference book, that furnishes a 
helping hand to both the neophyte and the practising 
fluorine chemist to find methods for preparing, 
handling and using fluorine-containing materials. It 
could serve as a useful adjunct to the chemist’s 
bookshelf. RIcHARD DRESDNER 
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A Laboratory Handbook of Pulp and Paper Manu- 
facture 

By Dr. Julius Grant. Second edition. (Incorporat- 

ing the fourth edition of Stevens’s “Paper Mill 

Chemist’’.) Pp. vii+523. (London : Edward 

Arnold (Publishers), Ltd., 1961.) 80s. net. 


| Spar is so common that one forgets that, in 
comparison with metals, plastics and other sheet 
materials, it has some very peculiar properties. It 
is a fibrous assemblage and frequently contains 
more air than solids ; it may vary widely in density, 
strength and other physical characteristics, and it 
may be treated with a large range of chemical addi- 
tives. 

This handbook, like Stevens’s before it, is written 
for laboratory workers with some previous knowledge 
of paper. It should, nevertheless, appeal to a wider 
range of readers because it effectively summarizes 
the enormous amount of work put in by chemists 
into one industry. It outlines the essential pulp 
and paper processes, then describes, in more detail, 
the laboratory methods developed for the control 
of these processes, the analysis of raw materials 
and the physical testing and analysis of paper. Many 
methods are only briefly summarized, as numerous 
references are given to published standard methods, 
and to the original literature, which is now very large. 

It must be difficult to decide what to leave out, 
and in one sense it is a pity that the book is confined 
so closely to practical laboratory methods. There 
is little reference to theory, to the large amount of 
published work on the visco-elastic properties of 
paper, or to the development of instruments for 
automatic control. There are some who believe that 
chemists have had their day in the paper industry 
and that the future lies with technologists trained 
in physics and engineering. Actually co-operation 
between all three will be essential, but a common 
ground of theory is vital to this. Even though present 
theory is incomplete it is a big help in the under- 
standing of the properties of paper and of specifica- 
tions for it. 

There are three misprints in the brief section on 
statistical method; they would not upset a stat- 
istician but might confuse a laboratory worker 
unfamiliar with that subject. F. LytH Hupson 


Papers on Bacterial Genetics 
Selected by Edward A. Adelberg. 
(Boston, Mass.: Little, Brown and 
Inc.. 1960.) 4.50 dollars. 

Papers on Bacterial Viruses 

Selected by Gunther 8S. Stent. Pp. xxx +365. 
(Boston, Mass.: Little, Brown and Company, Inc., 


Pp. xlvi +400. 
Company, 


1960.) 4.50 dollars. 
rT .HESE companion paper-back volumes are 
worthy successors to the collection, Papers in 


Microbial Genetics ; Bacteria and Bacterial Viruses, 
selected by Joshua Lederberg in 1951. Yet these 
two supplementing volumes only reflect a portion 
of the enormous activity devoted to this field in the 
decade since the first collection. Of the 51 papers 
now presented, only five have been retained from the 
former collection. 

To abate the disappointment of many readers who, 
no doubt, would have selected differently in some 
instances. each collection is preceded by the selector’s 
introduction, which reviews the main papers on 
each theme and includes a wide bibliography: on 
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} 
on bacteria] 


viruses, 13-page review, 164 references : as t 
genetics, 30-page review, 177 references. ring 

The papers themselves are presented in their deri 
original type and style, from which a certain lack oj, pter 


uniformity results; there is dual pagination ; but ant 
most clearly brought home by this method of presenta. jnei: 
tion is the need for a standard method of reporting excl 
references. the 

The great benefit of this collection is that it pro! 
vides for the student of microbial genetics a highh 
concentrated source of information on both th 
methods and the results of the main workers in thi' 
field. Also, the combination of the bibliography 
in the introduction and at the end of each paper and 
provides a fairly comprehensive guide to the othe pbefit 
sources of related information. + ouid 

To the specialist, therefore, these two volumes an Si 
almost ‘essential’. L. B. QUESNEL 


com 
in $i 
botl 
pou 
mod 


perf 
of t 
ultin 
the : 


A Laboratory Manual of Analytical Methods oj 
Protein Chemistry 


(Including Polypeptides). Edited by P. Alexande 


and R. J. Block. Vol. 1: The Separation ani! he 
Isolation of Proteins. Pp. viii+254. (London ani) By 
New York: Pergamon Press, 1960.) 50s. net. /D.E 

HIS book is the first of three volumes devoted ty! a 


practical techniques in the protein field, ani! 

contains seven chapters describing various method |” [* 
for the separation and isolation of proteins. Th! 
first chapter (by Keller and Block) surveys the, theo 
classical methods, such as precipitation with salts anj| Prof 
organic solvents, for the separation of proteins} 
In chapter 2, Okunuki gives detailed descriptions of} With 
the methods, due mainly to Japanese workers, for the) Wt 
isolation of cytochromes, and bacterial a-amylas| “!8* 
and proteinase. Chapter 3 comprises two sections’ “eg 
The first, by Keller and Block, reviews the techniques °° 
of adsorption and ion-exchange chromatography as 90 
applied to proteins, while the second, by Peterson ‘P®& 
and Sober, describes an ingenious variable-gradient 5° 
device for column chromatography. In the next Prb 
two chapters, Craig gives a full account of the use of? ™@!n 
dialysis and partition methods. The book ends with, form 
descriptions of the less commonly used techniques of * 
multi-membrane decantation (Polson and Largier) *P™ 
and zonal density gradient electrophoresis (Svensson).| © 
It is to be hoped that the value of these methods will °°" 
now be more widely recognized. Those readers "24 
who are not afraid of elementary mathematics will  °2 
find that the theoretical bases of the various tech. | 4 
niques are presented in a manner which does not #Y® 
engulf the practical aspects. A liberal number of  £ 


plates and diagrams will enable workers in the less- \™"™ 
affluent laboratories to construct much of the equip- Pf 
ment described. In spite of a number of errors and publi 


a rather inadequate subject index, I feel that this 
volume will be extremely valuable to workers in the! Com 


field of protein research. D. T. Ecmore / Proce 
Vol. 
An Introduction to the Chemistry of Heterocyclic! Hall, 


Compounds can ¥ 
By R. M. Acheson. Pp. xiv +342. ] 
Interscience Publishers, Inc. ; London : T! 
Publishers, Ltd., 1960.) 5 dollars ; 35s. April 

“HIS book has the laudable aim of supplying the ; paper 

student with a concise account of the properties | inchx 
and reactions of the more fundamental heterocyclic | theor 
systems. In this it succeeds admirably. It covers) muni 
the range from 3- to 6-membered 
compounds—with oxygen. sulphur. 


(New York: ! 


Interscience 
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nitrogen | 
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rings) in pairs—together with their important benzo- 
derivatives and the fused systems of purines and 
pteridines. Naturally occurring compounds of relev- 
ant interest are discussed briefly or mentioned 
incidentally, but carbohydrates and alkaloids are 
excluded. Although the scope is therefore wide, 


, the main theme is the inherent chemistry of the 
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commoner heterocyclic compounds. This is treated 
in sufficient detail to allow comparisons to be made 
both within and between the various classes of com- 
pound. The presentation is clear and the discussion 
modern, being supported by pertinent physical data 
and based on mechanistic principles. Moreover, as 
befits an introduction, the reader is given adequate 
cuidance to further sources of information. 

Such books as this must surely put an end to those 
perfunctory postscripts with which exhausted writers 
of text-books usually dispose of the subject. If 
ultimately this is service enough, more immediately 
the service to students and teachers is immeasurable. 


Theory of Markov Processes 

Translated from the Russian by 
Edited by T. Kévary. Pp. ix+210. 
Pergamon Press, 1960.) 


D. E. Brown. 
(London and New York : 
60s. net. 

HIS important and highly original work is 
devoted to a study of the foundations of the 
| theory of Markov processes. It is written for the 
| professional probabilist, and has little to offer to the 


i” 


}non-expert, although any mathematician concerned 


‘with the teaching of measure theory will find it 
| worth his while reading Chapter 1, in which the 
classical material is set out in a new and highly 
elegant form. This chapter also contains a careful 
account of conditional probabilities, some information 
about the new concept of “‘topological measurable 


spaces’, and the best extension yet of the Daniell— 
Kolmogorov theorem on the _ construction of 
probability measures on function-space. The re- 


)mainder of the book presents the first thorough 
formulation of the theory of Markov processes, 
} starting with a whole collection of measures corre- 
sponding to all possible initial instants and all pos- 
‘sible initial states, and allowing (as is now found 
convenient) the termination of the process at a 
random instant. The difficult theory around the 
concept of a ‘strict?’ Markov process is set out in 
‘great detail. The present work is based on lectures 
given by the author in Moscow «rd Peking; it will 
be followed by a further volume devoted to the 
infinitesimal generators associated with Markov 
‘processes. It is very much to be hoped that the 
publishers will find it possible to translate this also. 
D. G. KENDALL 


Combinatorial Analysis 
‘Proceedings of Symposia in Applied Mathematics, 
Vol. 10. Edited by Richard Bellman and Marsiall 
Pp. vi+31l. (Providence, R. I. : Ameri- 
, can Mathematical Society, 1960.) 7.70 dollars. 
HIS volume records the proceedings of the 
symposium held at Columbia University during 
April 24-26, 1958. It consists of twenty-four 
> papers and covers a very wide range of topics, 
including finite geometry, algebra, and number 
) theory in pure mathematics; and statistics, com- 
munication theory and transportation in the applied 
‘field. A fairly recent development has been the use 
ofan electronic computer to investigate combinatorial 
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problems, and several of the papers describe results 
obtained. Some of these depend mainly on 
algorithms and others on somewhat complicated 
search techniques. 

The papers on finite geometries include one by 
R. H. Bruck on “Quadratic Extensions of Cyclic 
Planes”, one by D. R. Hughes ‘On Homomorphisms 
of Projective Planes’ and one by A. A. Albert on 
‘Finite Division Algebras and Finite Planes’. Those 
on number theory include a paper by A. L. White- 
man on ““The Cyclotomie Numbers of Order Ten” 
and the paper by O. Taussky and J. Todd on “Some 
Discrete Variable Computations’. Thus pure mathe- 
matics is well represented in current activity in 
combinatorial analysis. But perhaps the main 
motive for this activity has come from operations 
research. Thus there is a paper by R. E. Gomory on 
“Solving Linear Programming Problems in Integers’’, 
one by M. Gerstenhaber on “Solution of Large 
Seale Transportation Problems’, and a paper by 
M. M. Flood on *‘An Alternative Proof of a Theorem 
of K6nig as an Algorithm for the Hitchcock Distribu- 
tion Problem”. There is also a paper by R. Bellman 
on “Combinatorial Processes and Dynamic Program- 
ming’’, and a paper by A. J. Hoffman on ‘Some 
Recent Applications of the Theory of Linear Inequali- 
ties to Extremal Combinatorial Analysis”. These 
titles are sufficient to demonstrate the dynamic 
character of present-day research in combinatorial 
analysis. Anyone who moves in this field will wish 
to consult the proceedings. L. 8S. Gopparp 


Ciba Foundation Symposium on Quinones in 
Electron Transport 

Edited by G. E. W. Wolstenholme and Cecilia M. 

O’Connor. Pp. xii+453. (London: J. and A. 

Churchill, Ltd., 1961.) 60s. net. 


HIS latest addition to the CIBA Foundation 

Symposia provides a most welcome review of 
recent work on the role of quinones in biological 
systems. As in previous volumes of this series, 
lectures by recognized authorities in the field are 
reproduced in full, the charts and diagrams often 
relating to hitherto unpublished material. Such 
treatment provides the atmosphere of the seminar 
rather than the formal lecture room, and the interest 
is further enhanced by the inclusion of the full 
discussion (diagrams again reproduced). 

A detailed critique of a symposium volume of this 
type is quite out of place, but biochemists and organic 
chemists interested in the processes of biological 
redox systems will find stimulation and many useful 
references in this work. The symposium consists of 
the following lectures: isolation chemistry of ubiquin- 
one (R. A. Morton, E. L. Crane, O. Isler and K. 
Folkers), coenzyme A and electron transport (D. E. 
Green); oxidation of quinones by mitochondrial 
preparations (E. C. Slater); oxidative phosphoryla- 
tion (V. M. Clark, Sir Alexander Tod-l and P. J. 
Russell); biosynthesis of quinones (H. Rudney, A. J. 
Birch, O. Wiss and R. E. Olsen); biosynthesis of ter- 
penoid side chains of quinones (F. Lynan); diet- 
induced changes in ubiquinone-levels (J. Green); 
function of vitamin K (C. Martius); spectroscopic 
observations ef the redox reaction of ubiquinone in 
heart and kidney mitochondria (B. Chance); role of 
ubiquinone in the respiratory chain (E. R. Redfearn) ; 
histochemical studies (L. W. Wattenberg); role of 
plastoquinone in the electron transport system of 
photosynthesis (N. I. Bishop). A. I. Scorr 
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NATURAL RADIOACTIVITY IN TOBACCO AND fin 


TOBACCO SMOKE 
By Da. V. C. RUNECKLES 


Imperial Tobacco Co. of Canada, Ltd., Research Laboratory, Montreal 


ROM time to time reports on the levels of radio- 
I activity in tobacco and tobacco smoke have 
appeared in both the lay and scientific Press. Mul- 
vaney', Spiers and Passey* and Turner and Radley* 
have reported experimental work on the levels of 
radioactivity in cigarette smoke, while Ash* has 
calculated figures for the levels of activity in cigarette 
main-stream smoke based on its potassium content 
and the natural abundance of the radioactive isotope 
of potassium (potassium-40). 

Interest in the level of natural radioactivity in 
smoke has come from two directions. First. the sug- 
gestion has been made! that the natural activity of 
cigarette smoke, resulting mainly from its potas- 
sium-40 content, is a cause of lung cancer. Secondly, 
interest in smoke activity has been aroused by Ash’s 
claims** that the level of activity in cigarette smoke 
is so high that the cigarette smoke can be defined as 
a radioactive material since, according to his cal- 
culations, its specific activity exceeds a level of 
2,000 uue./gm., the basis of the definition according 
to the British Factories Act® and the International 
Atomic Energy Agency’. 

It therefore seemed desirable to obtain experi- 
mental information on the level of natural radio- 
activity in cigarette tobacco, ash and main-stream 
smoke, and to compare the observed level in smoke 
with figures obtained by calculation from its potas- 
sium content. Accordingly, plain cigarettes of both 
Canadian and American manufacture (74 mm. and 
70 mm., respectively) were smoked to a butt-length 
of 23 mm. on a constant-pressure smoking machine, 
taking a 35-ml. puff of 2-see. duration at a frequency 
of one puff per min. Main-stream smoke was collected 
in a train of three water traps followed by a ‘Cam- 
bridge’ filter. Cigarettes were smoked in batches of 
fifteen. The ‘Cambridge’ filter was replaced after 
smoking two batches. The cigarettes were extin- 
guished with carbon dioxide. A total of 300 cigarettes 
was smoked in each experiment. 

The contents of the traps were combined with 
washings of water and methylene chloride (to dissolve 
organic materials), evaporated to dryness in ‘Vycor’ 
crucibles and ashed at 450° C. for 18 hr. The residues 
after ashing were boiled in aqua regia until almost 
entirely dissolved. The samples were then taken to 
dryness, dissolved in 5 N hydrochloric acid, and 
aliquots plated on stainless steel planchets for 
counting. 

The ‘Cambridge’ filters were ashed for 18 hr. at 
450° C. and extracted with hot concentrated hydro- 
chloric acid. The extracts were evaporated to dryness, 
the residues dissolved in 5 N hydrochloric acid and 
plated as above. 

In order to determine the amounts of radioactivity 
present in the cigarettes before smoking, fifteen 
cigarettes comparable to those smoked were cut to 
51 mm. (Canadian) and 47 mm. (American) and 
exhaustively extracted with water for 5-6 days 
(Soxhlet). The extracts were dried, ashed and treated 
as above. Ash collected from the cigarettes smoked 
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The amounts of activity in the butts were determ. se 

ined as described for the unsmoked cigarettes. Thy “ 
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activity present in a 23-mm. length of cigarette before sbt: 
smoking was calculated by proportionality from the! die 
values found for the unsmoked cigarettes. Sub. 

‘ <a une 
traction from the observed activities of the butts led T 
to values for the amounts of smoke activity trapped 


within the butts. — 

Measurement of radioactivity was made with a poo 
Baird-Atomic model A2-2-27PF proportional flow ps 
automatic counting system using a model 822 dete 


detector tube with a ‘Mylar’ end window and 90 per! 10- 
cent argon—10 per cent methane counter gas. of i 
Because of the low count-rates obtained from the . 4 
aliquots, and in order to minimize counting error “C 
due to fluctuations in background count-rate, sample! 
and background measurements were alternated, each) 4 oo, 
being counted for the duration 900 counts, and each the 
determination being repeated in sequence 50 times. of 
that is, until 45,000 counts had accumulated per! 1-26 
planchet. nal 
The efficiency of the counter for potassium-40 was) 9 oti, 
determined by measuring the activities of weighed 7 
samples of potassium chloride (analytical grade). A " 
sample of potassium chloride was dried in vacuo over gop . 
phosphorus pentoxide. Approximately 20 gm. were jowe 
weighed accurately and dissolved in 100 ml. water 
containing 0-5 per cent gum arabic. Replicate sj, 
planchets were prepared by accurately pipetting pJon, 
200 ul. quantities on to stainless steel planchets? yi, 
which were dried beneath an infra-red lamp. Hal! ogi, 
the planchets were placed in a furnace at 450° C. for ame 


maj 


18 hr. After heating, all planchets were counteé pot 
until 14,400 counts had accumulated for each. The differ 
mean count-rates for the heated and _ unheated not @ 


samples were 7-9 and 7-7 c.p.m. respectively, showing ff. 
that no losses occurred during heating. The mean gp), 
sample weight of potassium chloride was 42-58 mgm. phgor 
and the mean count-rate 7-77 ¢.p.m. The calculated 
potassium-40 activity (see below) was 36-1 d.p.m. ipa; 
leading to a counter efficiency value of 21-5 per cent.) sino, 
The experimental results obtained in this work isotoy 
are presented in Table 1, which shows that almost al) 5}, 
the activity present in the unsmoked cigarette Cat) j, ¢p, 
be accounted for in the main-stream smoke, ash and 4), , 


* > 71 > it? 
butt. Furthermore, approximately 90 per cent of it’ ¢o),, 
: , thoug 
Table 1. NATURAL RADIOACTIVITY IN CIGARETTES, ASH AND MAIN th 
STREAM SMOKE PER CIGARETTE e CC 
Per cent Per cent) Tal 
recovery transfer studie 
Cigar- Trapped of to the v 
Sample Smoke ette* Ash _ in butt activity smoke ll 
B . C D (= +=)* |2]* Hue. /g 
; pe. A AJ \in the 
1, Canadian e 
74mm. 0-094 22-95 20:59 1-56 97-1 o-41 | &Xpret 
2. Canadien . * smoke 
74mm. 0-084 — — —_— _ . 
3. American weighi 
70mm. 0-159 21-20 17-90 0-52 88-8 0-75 cigare’ 
* Activity of length of cigarette smoked to 23 mm. butt. above. 
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cent is transmitted to the main-stream smoke. This 
fnding is in agreement with the work of Spiers and 
. Passey?, who were unable to detect any activity in 
smoke, and concluded that the activity in the un- 
smoked cigarette remained essentially in the ash. 

As pointed out above, each sample was counted 
until at least 45,000 counts had accumulated. For 
this number of counts the standard deviation is less 

_| than 0-5 per cent. However, considerably larger 
ua Tega errors are associated with the various stages of sample 
eated as preparation. The largest of these is undoubtedly 

associated with differences in sample size and thick- 
determ. ness, giving rise to differences in sample geometry 
es. The and self-absorption. While every effort was made to 
te before) obtain uniform planchets, the pipetting of aliquots of 
from th the hydrochloric acid solutions and slurries led to 
Sub- uneven distribution of material. 
outts led ~The data for smoke activity are probably more 
trappec’ accurate than those for cigarettes, butts and ash, 
since in this case sample preparation was more 
with a reproducible. However, the actual magnitude of the 
nal flow! Grrors associated with these observations cannot be 
del 822\ ietermined, but it would seem unlikely to exceed 
d 90 per! 1915 per cent. In the light of this uncertainty, it is 
, of interest to compare the observed activities for 
smoke with the value obtained by calculation. 
, Cogbill and Hobbs* found that potassium is the 
» Sample’ major metallic constituent of main-stream smoke, 
‘ed, each) accounting for 135 ugm. of the 150 ugm. of metals in 
ind each the smoke of one cigarette. The natural abundance 
0 times. of potassium-40 is 0-0118 per cent®, and its half-life 
wted pet! 1.96 x 10° years*, from which a simple calculation 
| leads to a value of 0-113 puc. as the potassium-40 
n-40 Was) activity in the main-stream smoke of one cigarette. 
weighed The figures for smoke in Table 1 are in general 
ade). A agreement with this calculated value. However, those 
Uo OVE! for the Canadian cigarettes tested are somewhat 
sm. Wer lower, while that for American cigarettes is higher 
ul. wate! than 0-113 uuc. The American cigarettes smoked in 
teplicate this work and those used by Cogbill and Hobbs were 
nipetting blends of Burley and American flue-cured tobacco, 
lanchets.’ while the Canadian cigarettes studied consisted ex- 
Pp Hal: clusively of Canadian flue-cured tobacco. Since 
0° C. for’ American flue-cured tobacco has a considerably higher 
counteG potassium content than that grown in Canada, the 
ch. The’ difference in the level of smoke activity is perhaps 
inheated not surprising. 7 
showing If the 10-15 per cent figure suggested is a reason- 
he mea able estimate of the error associated with these 
58 MEM. obeervations, it becomes clear that the measure of 
nlculated agreement between observation and theory suggests 
1 d.p.m. that the activity detected in main-stream smoke is due 
per cent.) almost entirely to potassium-40, rather than to other 
as pe isotopes, either natural or artificial. As Cogbill and 
lmost 8! Hobbs* point out, it is not surprising that potassium 
— ca! is the major metallic smoke constituent because it is 
= iho of the predominant mineral constituents of 
ent OFT’ tobacco, and, as the chloride, possesses a distinct. 
though low, vapour pressure at the temperature of 
the combustion zone. 
per cent} able 2 lists the specific activities of the cigarettes 
transfer studied and their main-stream smoke. In the case of 
smoke te whole cigarettes the values are expressed as 
|2]* uue./gm. of dry cigarette (tobacco plus paper), while 
4/ in the case of smoke, the experimental values are 
expressed in terms of ‘whole smoke’. These ‘whole 


from the 
iz errors 
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0-41 
’ smoke’ values were determined from the increase in 
weight of two ‘Cambridge’ filters in series when 15 
0-75 | Cigarettes were smoked under the conditions described 


above, without the insertion of the water traps. 
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Table 2. SPECIFIC ACTIVITY OF CIGARETTES AND MAIN-STREAM SMOKE 
Cigarette Smoke 

Act- } | 

Sample Act- Wt. = Specific | ivity Wt. Specific | 

ivity smoked activity percig.| cig. activity | 

mec. gm. euc./gm. mec, gm. ec.) gM, | 
1. Canadian 0-675 340 0-094 | 0-026 | 3-62 
2. Canadian — — - 0-084 | 0-026 3-23 
3. American , 21-20 | 0-592 35°5 0-159 | 0-029 5°49 
4. American — - - 0-113* 0-072T 1-57 





* Calculated from data of Cogbill and Hobbs (ref. 8). 
+ Reported by Cogbill and Hobbs. 


The values for the specific activity of smoke are of 
primary interest in connexion with the suggestion 
that smoke can be defined as a radioactive substancet. 
Unfortunately, the figures on which Ash bases his 
claims are incorrect since they are based upon his 
calculated value of 0-01 muce. of potassium-40 activity 
in the main-stream smoke of one cigarette. Thus 
when expressed in terms of 150 ugm. of smoke 
metals, the specific activity of smoke using the 
correct value of 0-113 uue. per cigarette is 0-667 
muce./gm. Ash more recently® has used this value 
rather than the value of 6-67 muc./gm. quoted in his 
original paper. However, all these calculations of 
specific activity are unrealistic since they are based 
upon the weight of metallic smoke constituents alone. 
A more reasonable basis for calculation is the weight 
of whole smoke, exclusive of gases, since the potas- 
sium-40 activity of smoke is distributed throughout 
its particulate matter as a whole. The results in 
Table 2 are calculated on this basis, and show clearly 
that the specific activities of the smoke from the 
cigarettes studied are several orders of magnitude 
less than the level of 2,000 uwue./gm. 

Ash’s view that smoke is definable as a radioactive 
substance® thus has its basis in the unrealistic use of 
smoke metals alone for calculating specific activity. 
However. his further statement that at 667 uye./gm. 
the specific activity of smoke is only one-third of the 
level of the definition, but that this level should be 
reduced to one-tenth when applied to the population 
as a whole is without meaning. His point that it is 
generally agreed that the levels of radioactivity per- 
mitted for occupational exposure are ten times those 
permitted for the general public is irrelevant when 
dealing with specific activities; for permissible levels 
are based upon considerations of total accumulation 
of irradiation, irrespective of the specific activity of 
the source. As a consequence, the safety factor of 
one-tenth cannot meaningfully be applied to the 
2,000 uuc./gm. level of the definition®:’. 

In connexion with the view that the radioactivity 
of tobacco smoke is the cause of lung cancer in the 
smoker, several questions can be raised. For example, 
how does the amount of activity inhaled by the 
smoker compare with his intake of natural activity 
in the diet ? How does the inhaled activity compare 
with the equilibrium-level of activity in the body ? 
How rapidly are mineral smoke constituents elimin- 
ated from the lung. How does the level of activity 
in the particulate phase of smoke compare with the 
natural level of radon and thoron activity in air ? 

Little information is available in the literature on 
the absolute levels of the naturally occurring isotopes, 
in contrast to those of the isotopes strontium-89, 
strontium-90 and exsium-137 which have come into 
prominence recently as constituents of ‘fall-out’. 
Table 3 presents a collection of results obtained from 
various seurees. Where so indicated, the levels of 
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Table 3. NATURAL RADIOACTIVITY IN MAN’S ENVIRONMENT 

Source Activity Ref 

Air 10-* wee./mi. 10 
Air 3 10-* wue./ mil. 12 
Human body 120 mye. *°K, total 10 
Sea water 33 gue. **K/ml. 10 
Drinking water 1 to 10°-* aue./ml. 10 
Apples 1-00 wue., gm. * ll 
Almonds 7°24 wee./gm. * 11 
Boiled cabbage 1-21 gpe./gm. * 11 
Boiled spinach 4-10 ppe./gm. * 11 
Dried apricots 16-10 #ue./em., * 11 
Wheat bran 10-50 wue./gm. * 11 
Cow’s milk 0-01 wue./ml. 10 


**°K activity of the potassium contents of these foods, calculated 
from the data of ref. 11. 
activity are for potassium-40 alone, and are calculated 
from potassium content. A comparison of the results 
from Tables 2 and 3 shows that the specifie activity 
of the unsmoked cigarette is higher than the specific 
activity of any of the foodstuffs listed, which were 
selected to cover a wide range of potassium contents. 
This difference is, however, to be expected. since 
tobacco has a relatively higher potassium content 
than most food crops because of the fertilization 
practices used in its cultivation. In addition, the 
tobacco in the cigarette is in a partly desiccated form, 
and it can be seen that the level of its activity is 
approached by those of the two dry food materials 
listed, namely, dried apricots and wheat bran. 

Relating the level of smoke activity to total uptake 
of activity by the body, it should be emphasized that 
all food materials contain natural radioactivity to 
some extent. The average dietary intake of activity 
is difficult to estimate since it depends so much upon 
the nature of the diet, geographical location and, 
more recently, upon the contamination of foodstuffs 
by ‘fall-out’. Mayneord'? has shown that approx- 
imately 20 per cent of the dose-rate received by the 
body arises from its potassium-40 content, while 
external sources such as cosmic radiation and local 
radiation from the ground and building materials 
provide approximately 70 per cent. Internal radiation 
from isotopes other than potassium-40, for example, 
earbon-14 and the radium, thorium and uranium 
series, probably gives rise to less than 5 per cent of 
the total body irradiation. 

Since experimental evidence suggests that potas- 
sium is by far the most important isotope in smoke. 
and since this same isotope is the major source of 
internal radiation in the body, it is of interest to look 
at the average diet from the point of view of its 
potassium-40 content. 

The figures in Table 4 are caleulated from values 
for daily potassium intake in the United States 
published by Anderson et al.'*. Of the daily uptake 
of approximately 3 gm. potassium (2.560 uue. potas- 
sium-40), 2-6 gm. (2,180 uue. potassium-40) are 
excreted daily in the urine, while the remainder is 
eliminated in the feces and sweat. The rate of total 


Table 4. Datty Potassium INTAKE, BASED ON pe) Feop 


CONSUMPTION IN THE UNITED STATES 


capita 


Potassium Potassium-40 


Source (gm. day) (uue./day) 
Dairy products 1-15 960 
Meats 0-46 390 
Flour and cereals 0-20 170 
Vegetables 0-56 470 
Citrus fruits 0-10 80 
Potatoes 0-59 490 
Total 3-06 2,560 
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elimination is determined by the need to maintain an° 
average bodily equilibrium level of approximate) 
133 gm. potassium (120 mue. potassium 40) (ref. 12 
The calculated potassium-40 activity of cigarett; 
smoke (0-113 uue. per cigarette) is a very smal 
fraction of the dietary intake, and, even in the cay 
of the heavy smoker, smoking, say, 50 cigarettes , 
day, the intake of potassium-40 from smoke wouk' 
be less than 0-25 per cent of the daily intake fron/ 
food. 
However, this extremely small amount of activit 
could be important if the potassium-40 remained i: 
the lung for a long period, that is, if the hm 
accumulated mineral smoke constituents. includin 
potassium, without elimination or absorption. 


VOL. 191 


FATE OF PARTICULATES IN RESPIRATORY TRACT IN ST axpant 
MAN 


Table 5. 


Readily soluble 


Distribution compounds Other compounds 


(per cent) (per cent) 
Exhaled 25 25 
Deposited in upper 
respiratory pas- } 
sages and ulti- 
mately swallowed 50 50 


5 25 

(12-5 per cent eliminated 
in first 24hr.; remainder , 
eliminated with a half- 
life of 120 days into 
body fluids) 


Deposited in lungs 25 
(taken up in body 
fluids) 


Table 5 shows the fate of particulate matter in the! 
respiratory tract as calculated for the standard man! 
This indicates that, in general, soluble particulat: 
matter is deposited in the lung to the extent of abou, 
25 per cent and is then absorbed into the bloo 
stream. Less-soluble materials are deposited to abou 
the same extent, but about half of these are eliminate 
in one day while the remainder have a biological half 
life of about 120 days. Since the potassium in smoke 
is likely to be in a readily soluble form, it would seem 
probable that it is eliminated quite rapidly. The? 
work of Wolff and Purdom?* suggests that this is so} 
They allowed dogs to inhale tobacco smoke containing 
various metal tracers and determined the level of, 
activity of these tracers in the lung tissue at intervals 
after the smoking period. In the case of potassium-42 
they found that nearly all activity disappeared from 
the lung during the smoking period or soon thereafter. | 
Since potassium-40 and potassium-42 are chemically 
identical, these results suggest that potassium-d4( 
taken into the lung during smoking is also rapidly 
eliminated from that organ. 

These results combine, therefore, to suggest that 
cigarette smoking does not overburden the body from 
the point of view of irradiation by potassium-40, nor 
does it produce an appreciable increase in radiation, 
to the tissue of the lung. 

Relevant to this last point, it is of interest to 
compare the intake of potassium-40 activity from 
smoke with the natural activity of air, due to Its 
content of radon and thoron. These gases decay with 
the production of heavy metal isotopes and in the 
process emit «-particles which are much more 
damaging to tissue than the 8-particles of potas-\ 
sium-40. On the basis of 11 puffs of 35 ml. vol. in 
the case of the Canadian cigarettes smoked in this} 
work, the specific activity of their main-stream smoke 
be calculated as approximately 2-4 x 10"; 
In the case of the American cigarettes. 
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approximately 9 puffs were taken per cigarette, 
leading to a figure of about 5 x 10-* uue./ml. The 
levels of radon-thoron activity in air are shown in 
Table 3. Using Mayncord’s value of 3 x 10-4 uue./ml., 
it is apparent that the levels of potassium-40 activity 
in smoke are of the same order of magnitude. 

Further to this. Turner and Radley* have studied 
the «-particle activity of tobacco, due to its radium 
and thorium contents, and have concluded that the 
release Of a-activity during smoking is extremely 
small. They state that even in the case of the heavy 
smoker. the additional «-activity taken into the lungs 
is less than 1 per cent of the atmospheric radon and 
thoron inhaled daily by any individual, approx- 
imately 2 muce., a figure obtained from the approx- 
imate daily uptake of air, 2 x 107 ml. (ref. 15) and its 
radon-thoron content, 3 x 10-4 uue./ml. (ref. 12). 

In summary, therefore, we can say that the 
observed activity of cigarette main-stream smoke 
appears to be due almost entirely to its content of 
potassium-40. The amounts of this activity taken 
into the lung, even by the heavy smoker, are minute 
compared with the bodily uptake from the diet, and 
are rapidly elimimated from the lung tissue. In 
addition. this potassium-40 activity only exceeds by 
a small amount the «-activity taken into the lungs 
of all individuals because of the radon and thoron in 
the Earth’s atmosphere. 
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Finally, calculations of the specific activity of 
smoke, based upon a logical appreciation of its nature, 
lead to values far below the internationally agreed 
level at which any material can be defined as radio- 
active. 

I wish to thank the Directors of the Imperial 
Tobacco Co. of Canada, Ltd., for permission to publish 
this article, and to acknowledge the assistance of Mr. 
B. J. Stirling and Mr. K. Woolrich in the experimental 
work. 
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CLIMATE AND WEATHERED KARROO DOLERITES 


By Dr. H. H. WEINERT 


National Institute for Road Research, 
South African Council for Scientific and Industrial Research, Pretoria 


Introduction 

VERY important road-building material in 

large parts of the Union of South Africa is 
Karroo dolerite, the weathered rock being used in 
the layers of road foundations and the fresh rock 
when crushed for surfacing chips. The performance 
of weathered dolerites is known to vary in different 
parts of the country. The material performs well in 
the western portion of the Union and badly in the 
eastern, the differences in performance being borne 
out by observation that the rate of alteration of the 
materials, after being placed in the road foundation, 
appears to increase. These facts led me to carry out 
research on the influences of environmental conditions 
on the alteration of basic igneous rocks with particular 
reference to Karroo dolerites. 

The most conspicuous feature of the South African 
Karroo system is the huge mass of crystalline igneous 
tock which is called traditionally ‘dolerite’; according 
to present nomenclature, however, it should be 
designated as ‘diabase’ of a very wide variety'. These 
dolerites are intrusive into the sediments of the 
Karroo era in numerous thin dykes and in sills up to 
a thickness of 200 m. or more. There is a marked 
southern limit to the extent of these rocks, crossing 
the southern portion of the Karvoo areas in a roughly 
west-easterly direction (Fig. 1). 

The rocks are dark-coloured generally, varying due 
to structure, texture and mineral composition from 
horite to quartz-diorite, with diabase forming the 


XUM 


bulk of the whole occurrence. Differentiation may 
lead to light-coloured rocks exceptionally. 


Weathering of Dolerites 
Dolerite outcrops in the eastern parts of the Union 
of South Africa show a succession of weathering 
products consisting normally of four layers which can 
be distinguished readily by their colour and con- 
sistency. The lowest layer is the fresh rock or that 
which, in comparison with the rest, may be termed 





ES Korroo System. 


Southern limit of the occurrence of 
Korroo dolerites 


Fig. 1. Occurrence of the Karroo system in South Africa 
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‘fresh’. This rock is dark in colour with the whitish 
feldspars standing out clearly in the brownish- to 
greenish-black matrix which consists of pyroxene, 
amphibole, different ores and occasionally olivine, 
biotite and quartz. The rock is hard and dense, 
giving a metallic ring when struck with the hammer. 
The next layer, the weathered rock, is still hard but 
brittle, breaking readily when struck with the 
hammer, and often showing exfoliation. The colour 
is brownish due to frequent staining with iron oxides. 
The feldspars are still clearly recognizable, while most 
of the mafic minerals have lost their dark colour. 
The third layer, the badly weathered rock, has lost 
its consistency completely and become a brittle to 
soft, yellowish-grey mass with an earthy feeling. The 
original structure of a crystalline igneous rock is still 
preserved, and the former planes of exfoliation are 
clearly visible: most of the original minerals, however, 
have lost their properties completely. The fourth 
layer is the residual soil on the top of such deposits. 
These soils vary, depending on climate and relief, 
being black clays in water-logged areas in most cases 
and deep red clays on slopes*. 

The weathering succession in dolerite outcrops in 
the western portions of the country differs somewhat 
from the profile given in the previous paragraph. 
The stages ‘badly weathered’ and ‘residual soil’ are 
not properly reached and the whole succession remains 
in the state ‘weathered’, as defined. However, the 
rock does not remain a hard material but merely 
disintegrates, finally becoming a dolerite gravel, the 
grains of which are the different minerals of the 
original rock, showing only partial chemical altera- 
tion. Physical weathering is clearly overshadowing 
chemical weathering in the western portions of the 
Union, this statement being in contrast to 
others made previously*. 

An increasing amount of sand normally occurs 
towards the surface, being blown in, and consequently 
mixed with, the residual soil. The difference between 
clays, black or red, in the eastern parts of the country 
and sandy to gravelly soils with only little clay, is 
also expressed by the predominance of the soil clay 
minerals in the widest sense. Hydrous mica is pre- 
dominant in the west, and other clay minerals, mont- 
morillonite and kaolin in particular, in the east‘. 

A statistical investigation on the percentage of 
secondary minerals in the different layers of the 
weathering successions has been carried out for a 
number of samples from different sites. Similar 
investigations had been made previously on certain 
basalts in Oregon, United States®; the South African 
approach is different from the American one in so 
far as the latter dealt with rocks from rather uniform 
environments in regard to topography and climate, 
while the South African investigation has covered 
materials from many different regions. 

Quartz, feldspar, biotite, amphibole, pyroxene, 
olivine and magnetite were considered primary 
minerals and all others as secondary. The investi- 
gation was carried out with a polarizing microscope 
and counting was done with the aid of a micrometer. 
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Special difficulties were experienced during the 
preparation of the badly weathered parts and the 
residual soils of the weathering succession. For 


grinding purposes, resins had to be used in order to 
harden these materials. All minerals which could be 
recognized individually were counted separately, 
and those too small for recognition under the micro- 
scope, such as clay minerals, were just counted as 
The results of counting were arranged 


‘secondary’. 
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in two groups, primary and secondary minerals, ang 
the relation was expressed as a percentage of the 
total number counted. 

The results were compared with the field description " 
of the weathering succession as ‘fresh’, ‘weathered 
‘badly weathered’ and ‘residual soil’, and a remark 
ably good correlation of these designations wit] 
certain ranges of percentages of secondary mineral 
was observed: 


Percentage of secondary 
Field description of rock minerals 
Fresh dolerite 
Weathered dole te 
Badly weathered dolerite 
Soil, residual from dolerite 
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The small range, 25-32 per cent, for the section] 
‘weathered dolerite’ appears to be the most remark 
able result of this investigation, because it shows tha 
the transition from the solid, fresh-looking rock 
the thoroughly decomposed material seems to be ; 
rather abrupt change. The number of sample 
studied so far has not allowed a range of percentag 
to be allocated to the group ‘badly weathered’; the 
limit between ‘badly weathered’ and ‘residual soil} 
however, may be expected somewhere between 6 
and 70 per cent. 

X-ray investigations have shown that mont. 
morillonite and hydrous mica occurred in all samples} 
including those which were classified as ‘fresh 
Montmorillonite is well crystallized in these sample 
and also in some of the ‘weathered’ and ‘badly 
weathered’ ones; it never appeared crystallized ix} 
the residual soil, but only as amorphous material 
The transition from the crystallized to the amorphous! 
states appeared to take place in the stages ‘weathered 
and ‘badly weathered’. Kaolin may occur suddenly? 
at a certain level in the ‘badly weathered’ stage 
being then associated with an almost complete dis 
appearance of all feldspars. 

The results of the work on secondary minerals, as 
well as from X-ray and differential thermal analysis 
investigations, were the same for samples from the) 
western and the eastern portions of the country as 
regards the classification from ‘fresh’ to ‘residual 
soil’. In the western part of the country, however, 
the state ‘weathered’ was not passed. ' 

Standard engineering tests carried out on those 
dolerites which were intended for road 
construction indicated a regional distribution of 
the results. This was the case for the Atterberg 
limits in particular, where the liquid limit and the 
plasticity index were of special significance and 
importance. A line could be drawn across the Union | 
with the values of 30 for the liquid limit and 10 for; 
the plasticity index, larger values predominating 
to the east and lower values to the west of this line 
This line intersected the coast line near Port Alfred 
and crossed the Orange Free State a little east of) 
Bloemfontein; it then continued towards Rusten- 
burg in the Transvaal, following thus a generally; 
north-south course. This also agreed roughly with 
the types of weathering given above, disintegration} 
prevailing on the western and decomposition on the 
eastern side of it. 


weathered 
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Climatic Investigations 


The Union ot South Africa falls within three major’ 
climatie regions. They are the summer rainfall areas 
which cover the largest parts of the country, the? 
winter rainfall areas of the Cape of Good Hope and 
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the almost constantly dry desert regions of the 
There are remarkable variations within 
summer rainfall areas, concerning the 
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north-west ‘ 


the large 


duration of the rainy season and the quantity of 


water precipitated. The climatic investigations were 
concentrated on the summer rainfall areas because 
only those areas are bisected by the line which 
separated weathered doleritic materials on the basis 
of the Atterberg limits and which also agreed with 
the boundary between the types of weathering. 

The Orange Free State was chosen for the first 
detailed investigation for three reasons: (1) the 
Orange Free State falls completely within the summer 
rainfall area; (2) the province is relatively smail and 
ina central position within the country ; (3) weathered 
dolerites are almost the only road-building materials 
within the province and a sufficient number of test 
results was available. 

The climatic investigation included precipitation, 
potential evaporation calculated for a shallow free- 
water surface from the Meyer formula‘, relative 
humidity, wind speeds, temperature and a calculated 
ratio of evaporation to precipitation. All investi- 
gations were made for the months of January (rainy 
season) and July (dry season) separately, giving thus 
separate pictures for the climatically extreme parts 
of the year. The annual precipitation and a ratio of 
the relative humidities of January to those of July 
were also added. 

The evaporation precipitation ratios were calcu- 
lated so that the higher value was always divided by 
the lower one, giving results representing either a 
surplus of evaporation over precipitation (positive 
values) or the opposite (negative values) ; the numeri- 
cal figures then are comparable. Contours were drawn 
on the basis of the values obtained, the contour 1-0 


connecting places with equal evaporation and 
precipitation. The contour +3-0 for January 


appeared to be the most significant in comparison 
with the lithological boundaries. 

Contours were drawn for each climatic indicator, 
the general contour pattern being compared with the 


boundary obtained from the test results. Those 
contours which agreed with this boundary were 


selected. The most remarkable feature of the results 
was that, while none of the contours referring to 
July agreed with the soils boundary, agreement was 
found for the January values and, furthermore, that 
all climatic indicators showing an agreement had 
something to do with water. Be- 
sides these monthly values, a close 
agreement occurred with the annual 
isohyet of 500 mm. and with a 
contour connecting all those points 
where July has the same relative 
humidity as January. This con- 
tour runs a little west of the 
zone occupied by the other con- 
tours. It appears to be of import- 
ance, as the Orange Free State 
falls completely within the summer 
rainfall area. where January would 
be expected to be more humid than 
July. However, the relative humid- 
ity of July is higher than that 
of January in the country west 
of this line. This fact indicated 
that the inflow of moist air in 
January is not high enough to 
compensate for the higher tempera- 
tures in this month. 
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Climatic and soils boundaries in the Orange Free State. 
+ +, relative 


Fig. 2. 

. Relative humidity of 55 per cent in January; 
humidity in January = relative humidity in July; , 85 mm. 
isohyet for January; evaporation/precipitation ratio 
+ 3-0 in January: ©, boundary between hydrous mica (west of 
line) and other clay minerals (east) as predominant soil clay 
minerals; @§0C/8. 500 mm. isohvet of annual precipitation; 

LL, liquid limit; P/, plasticity index 


The border between the predominance of hydrous 
mica and other clay minerals in South African soils 
as indicated by C. R. van der Merwe and H. Heystek* 
was also added. This border runs somewhat west of 
that defined by the Atterberg limits, which may be one 
indication that a certain percentage of clay minerals, 
montmorillonite in particular, must be present 
in the unsound weathered dolerites to make them 
differ from the sounder materials of another region. 

The position of all these contours, relative to the sub- 
division of the weathered dolerites in the Orange Free 
State based on the Atterberg limits, is shown in Fig. 2. 

These investigations were then extended over the 
whole Union of South Africa and contours were 
drawn again. The same climatic values as for the 
Orange Free State were sorted out and it was noted 
that their meaning was the same as before in the 
eastern Cape Province and the western Transvaal, 
the whole of Natal being cast of the critical boundary. 
All contours then enter the Bechuanaland Protec- 
torate. From 25° 8., however, the 500 mm. isohyet 
of annual precipitation, together with the boundary 
of hydrous mica as the predominating soil clay 
mineral, turns east and re-enters the Transvaal again, 
but the others retain their approximate northerly 
direction (Fig. 3). This course of the contours leaves 
the deeply weathered Bushveld norites—the depth 
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Fig. 3. Climatic and mineralogical features concerning weathering of Karroo dolerites 
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of weathering is known to be more than 8 m.—on 
the eastern side of the zone created by the climatic 
contours. Dolerites do not occur in this part of the 
Union, but the norites can, however, be considered 
sufficiently similar to them for such comparison. 

Assuming that the effect of water on weathering 
will increase if evaporation is reduced considerably, 
a separate investigation on precipitation, evaporation 
and the ratio of evaporation to precipitation was 
carried out for the night hours of January, that is, 
the period 1900-0500 hr., and July, that is, the 
period 1700-0700 hr. 

Contours were again drawn for precipitation, 
evaporation from a shallow free-water surface and 
the ratios of evaporation to precipitation. The 
contour patterns of these three indicators, separately 
drawn for January and July, were compared with 
the soils boundary as obtained from the Atterberg 
limits and it was found that all patterns for January 
agreed with this boundary, but there was no agree- 
ment with the July contour patterns. Those January 
contours which agreed best with the soil boundaries 
were selected and used as critical values for the 
climatie effects on weathering. These critical values 
were: (1) evaporation during night hours 50 mm., 
its effect on weathering being greater with decreasing 
values; (2) precipitation during night hours 30 mm., 
its effect on weathering being greater with increasing 
values; (3) evaporation/precipitation ratio during 
night hours of 1-0, that is, evaporation equal to pre- 
cipitation. A greater influence on weathering would 
be expected where surplus of precipitation occurs. 

In order to gain an overall picture, numerical 
values were allotted to all areas of the country on 
the base of the above subdivision. These were 0 for 
weak and 1 for strong effects on weathering of the 
individual climatic conditions during night hours’. 
This evaluation led to the subdivision of the country 
into six different zones, each one designated by one 
of the numerical values 0, 1, 2, 3, 4 and 5 (Fig. 4), 
which means that the higher the numerical value of 
a given area the stronger the potential influences of 
all climatic indicators. Two relatively narrow zones, 
one of them bisecting the summer rainfall area and 
the other bordering the winter rainfall area of the 
Cape, have the value 3. The 3-zone of the summer 
rainfall area agrees well with the full-day contours, 
as already known from the Orange Free State, as 
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Fig. 4. Evaluation of precipitation, evaporation and evaporation 
precipitation ratios during night hours 
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well as with the soils boundary defined from the ? 
Atterberg limits and from the predominance of either 
disintegration or decomposition for that portion of 
its course which passes the western Transvaal, the 
Orange Free State and the eastern Cape Province. } 
This zone becomes ill-defined in its northern con. 
tinuation through the Transvaal, where the easterly 
type of weathering is known to cross this zone near 
Rustenburg and Brits, and here the 2-zone seems to } 
take the place of the 3-zone. No conclusion can be 
drawn about the relevance of the 2-zone in the 
winter rainfall area of the Cape, where the bulk of | 
rain falling during the colder part of the year might 
have a somewhat different effect on the weathering 
of basic igneous rocks. It may be mentioned, how. 
ever, that more intense weathering of dolerites js 
known to occur in the vicinity of Calvinia, which is 
near the 3-zone. 


Conclusions 


The comparison of the present climatic conditions 
of a country with very marked differences between 
a humid, warm and a dry, cool season, with the types 
of weathering and with some engineering properties } 
of weathered basic igneous rocks, dolerites in par. 
ticular, has emphasized clearly the importance oj 
water. All climatic indicators which had an apparent 
bearing on weathering referred to the climatic con- 
ditions of the warmest and most humid month, and 
all of them were connected with the direct or indirect 
influences of precipitation or water. The close agree- 
ment of a number of climatic contours, demarcating } 
regions with different types of weathering and, at 
the same time, with different engineering perform.! 
ances of the weathered materials, holds for the larger 
portion of the South African summer rainfall area.? 
This climatic zone, however, becomes _ ill-defined 
towards the north, where increasing mean air tem- 
peratures as well as increasing soil temperatures 
might strengthen the influence of water, that is, a 
smaller amount of water at a warmer temperature 
may have the same effect on weathering and on) 
engineering properties as a higher amount of water 
at lower temperatures. In the winter rainfall areas 
of the Cape Province no such close agreement of 
the various climatic contours occurred. A larger’ 
temperature effect may also appear here, because the 
rain falls during the colder part of the year. 

Microscopic and X-ray investigations showed that 
the material alteration which the dolerites undergo ' 
during weathering is the same on either side of the 
climatic seperation zone. The percentage of secondary 
minerals and the type and state of clay minerals were 
the same, independently of the local climate, if a; 
certain state of weathering were reached. 

The rate and progress of weathering, however, can 
be connected with the local climatic conditions. In 
the western parts of the country, that is, in the? 
climatie zones 0 and 1 (Fig. 4), decomposition is 
reduced in favour of mere disintegration and does! 
not normally pass the state ‘weathered’ of the 
climatie zones 4 and 5. In the eastern parts of the} 
Union, that is, in the climatic zones 4 and 5, little 
disintegration occurs and the process of weathering 
is largely chemical in nature. The 2- and 3-zones 
are largely transition zones between the other two. 

The differences in weathering also refer to the per- 
formance of the weathered materials if used for road 
construction and, especially for foundation purposes, 
with decomposition leading to unsound materials and 
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poor results, and disintegration leading to sound 
materhk vis. 

The climatic conditions of a given site or area, the 
amount of water available in particular, and prob- 
ably also a combination of air and soil temperatures, 
may thus provide a means for defining the probable 
type of weathering and also for predicting the 
engineering behaviour of weathering or weathered 
basic igneous rocks, among which the Karroo dolerites 
are of great practical importance in South Africa. 

This article is published by permission of the South 
African Council for Scientific and Industrial Research. 
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MAGNETIC STORMS IN INTERPLANETARY SPACE AS OBSERVED 
BY PIONEER V 


By EUGENE W. GREENSTADT 


Space Technology Laboratories, Inc., Los Angeles, California 


N a preliminary report on the magnetometer 
| geal ser carried by the deep space probe 
Pioneer V (1960x), Coleman et al.! display a corre- 
spondence between fluctuations in average ambient 
magnetic field value at the probe and local az; magnetic 
index values recorded concurrently at Fort Belvoir, 
Virginia, for the very active period March 30-April 3, 
1960. Fig. 2 of their paper exhibits the satellite data 
and the ay index plotted in parallel, showing agree- 
ment between the two traces for the intense magnetic 
perturbation of April 1 and for lesser events of March 
31. April 1 and April 3. The present article extends 
the comparison between effects at the Earth and 
at Pioneer V over the entire period of regular acquisi- 
tion of data in the interplanetary region, showing 
a correlation between ‘storms’ appearing at the two 
bodies, and between the interplanetary field and 
planetary magnetic index, ap. 

The trajectory of Pioneer V is shown in Fig. 1. 
Only field magnitude perpendicular to the axis of 
rotation of the spin-stabilized probe (arrows) was 
measured, and only relative changes in the measured 
component are considered here. Details of probe 
and magnetometer geometry have been published 
elsewhere??. 

Launched on March 11, 1960, the probe reached a 
distance of 500,000 km. by the 
middle of March 12, placing it well 


outside the terrestrial magnetic 
field'**, The distance between 
the payload and the Earth in- 


creased continuously to approxim- 
ately 12,000,000 km. on April 30, 
after which telemetry transmission 


EARTH AT LAUNCH 





became too infrequent for significant 
addition to the results. 
Measurements were transmitted 
as several discrete messages each 
day, with each message averaging 
30 min. duration and including 
many individual magnetic field 
readings. Individual readings were 
averaged over intervals of half 
a day for this work. The half- 
day interval has proved to be a 
convenient unit because it is long 
enough to diminish the influence 


MAR 11,1960 


Fig. 1. 


(1, Vehicle; 








tiled 


Ecliptic plane view of Pioneer V trajectory showing orbits of probe, Earth, and 


of short-term transients, while not so long as to 
obscure the correlation between short magnetic 
storms. A smoothed graph of the data has been 
produced in turn by plotting, instead of each half-day 
field average B;, the mean of B;_,, Bi, and B; ie 
The upper curve of Fig. 2 presents this smoothed 
version of the average ambient field component at 
the payload, with concurrent geomagnetic storm 
periods and smoothed planetary indices below for 
comparison. 

The magnetic index curve was prepared in the same 
manner as that used for payload data: the 3-hr. 
planetary index a,, converted from published Kp 
values*-?7, was averaged over half-day intervals 
and a three-interval mean applied to the half-day 
averages. 

Periods designated as separate geomagnetic storms 
by one or more reporting observatories*:® are repre- 
sented in Fig. 2 by solid horizontal bars. Dashed bars 
appear in connexion with the March 14 event, where 
there is substantial disagreement on duration of the 
storm and later where some observatories reported 
single long events rather than separate occurrences. 

Statistical correlation between payload field in- 
crease and separate geomagnetic storm incidence is 
particularly striking. The curve of smoothed payload 
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to ecliptic plane 


NATURE 


VOL. 191 


July 22, 1961 


) be found in the preliminary repor 





| mentioned earlier’. Once again, the 
payload excursion of March 19-2] 
appears uncorroborated at 
Earth, despite the faint trace of 
corresponding activity in the planet- 
index. Indication of high. 


ary 


magnetic indices from College. This 





can be seen in a comparison of the 
payload daily average field and 





3 for the interval March 12-238. 
The data discussed here and pre- 
sented in Figs. 2 and 3 show that 
relative increases in the average 
value of field amplitude measured 
by Pioneer V almost always oc- 
curred in approximate conjunction 
with magnetic storms at the Earth’s 
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Fig. 2. Smoothed Pioneer V magnetic field, smoothed planetary 
magnetic storms 
ambient field, characterized by a sequence of crests ponent 


or excursions of diverse amplitude and more or less 
similar shape, has 14 maxima ard a rapid rise before 
the graph terminates on April 30. Subsequent data, 
not shown, give a return to nominal field readings on 
May 1, so that a fifteenth peak may be added to those 
visible in the figure. 

Of the 15 maxima in the satellite data, 14 are 
accompanied closely or followed within one day by 
the occurrence of magnetic storms at the Earth. Of 
the total of 13 individually reported geomagnetic 
storms occurring during the fifty days of observation 
(solid bars) every one is accompanied or preceded 
within a day by an excursion of the smoothed ambient 
field at the payload. The geomagnetic storm in the 
interval April 16-18 can be associated with a pair 
of local submaxima in the smoothed payload data, 
making as before a total of fourteen 
correlated peaks at the probe. 
The one exception to the agreement 
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creases in irregularity of the Earth's 
field as measured by the magnetic 
indices ap and Ay. It is tentatively 
concluded from this evidence that 
enhancement of at least one com- 
of nearby interplanetary magnetic field 
regularly accompanies terrestrial magnetic storms. It 
is also concluded that this enhancement cannot be 
restricted exclusively to a component directed along 
radial lines from the Sun, since during an appreciable 
part of the observation period the probe magneto- 
meter measured field magnitude in a plane nearly 
normal to the Sun-payload radius (normal to the 
arrows of Fig. 1). 

A feature essential to the correlations between 
payload and planetary index curves and between 
payload maxima and terrestrial storms is the assumed 
correspondence of time-displaced events near the end 
of April. Preliminary comparison of unsmoothed data 
with terrestrial observatory magnetograms indicates 
that the extreme phase difference discernible in 
Fig. 2 for ‘corresponding’ events between April 21 


index ap, and geo- 





between probe data and storm re- 50 


ports is the excursion of March 19 

21, but examination of magnetic 
records covering this interval shows 
that while no magnetic storm ap- 
peared in the reference list, disturb- 
in the Earth's field, noted 
particularly on College, Alaska, mag- 
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netograms, appear to have taken 
place (see discussion of magnetic 
index following). 

The plot of smoothed planetary 
index in Fig. 2 consists of a series of 
irregular excursions comparable to 
those appearing in the Pioneer V 
curve. Qualitative agreement be- 
tween the two measurements can 
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be seen at once, with the extreme 
maxima of April 1 and 30 as out- 
standing parallel features. Some 








details of the March 30-April 3 
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period have been lost by smooth- 
ing, but evidence of correlation for 
separate peaks of April 1 and 3 can 
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Fig. 3. Pioneer V 
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smoothing process, but is a real feature of the observed 
interplanetary and geomagnetic fields. Examination 
f unsmoothed data has also revealed that terrestrial 
effects were either delayed er persisted longer than 
corresponding interplanetary disturbances for some 
events earlier in the history of the flight, although 
never with phase differences as large as that seen 
late in April. 

An increasing delay toward the end of the period of 
acquisition of data might be expected to result from 
the steadily advancing distance between Earth and 
probe, on the assumption the satellite was intercepting 
disturbances of solar origin travelling toward the 
Earth. However, based on the approximate 1,000 
km./sec. average velocity usually inferred for transient 
solar-terrestrial magnetic effects, the expected delay 
between Pioneer V and the Earth, even for distances 
in effect at the end of April, would be less than 3-3 
hr.. and thus imperceptible in the scale of Fig. 2. 
Long delays due solely to increase in time of probe- 
Earth passage would require local velocities close to 
100 km./see. to account for the observed shifts. 
therefore ruling out solar effects moving by the 
payload at ten times this speed. 


OBITU 


Prof. W. T. Astbury, F.R.S. 


Wiri the death of Prof. W. T. Astbury on June 4, 
at the age of sixty-three, the world of crystallography. 
fibres and molecular biology lost an international 
figure. 

A product of the ‘Five Towns’, eldest son of a large 
family, versatility at Longton High School earned a 
scholarship to Jesus College, Cambridge, where, with 
a break by service in the Royal Army Medical Corps, 
he graduated in physics in 1921. 

The first phase, 1921-28, of his working life was 
one of tutelage and growth as assistant to Sir William 
Bragg, first at University College, London, then, 
from 1923, at the Davy Faraday Laboratory of the 
Royal Institution where “in that dawn ‘twas bliss 
to be alive’, the happy coterie including Miller, 
Shearer, Bernal, Yardley, Robertson, Robinson and 


, Cox. There he learnt the lessons of simple and direct 


- 


- 


~ 


experiment, the fine tradition of ‘Friday Evening’ 
exposition, the value of collaboration. Notable early 
work on essential systematics and technique of X-ray 
crystal analysis were the famous space-group tables 
with Yardley and the «-ray integrating photometer. 
Bold attempts at key structures like tartaric acid and 
the acetyl acetones were necessarily sketchy; intro- 
duction to his life-work came in preparing fibre 
X-radiograms for Bragg’s lectures ‘On Common 
Things”. : 

In 1928, Astbury found a field ready for his talents 
as lecturer in textile physics, University of Leeds, 
Bragg sustaining him in early difficulties. Five years 
solid work produced papers in the Philosophical 
Transactions of the Royal Society on the structure of 
hair, wool and related fibres which laid for a genera- 
tion the foundations of high-polymer structural 
studies. Briefly, inspired analysis of the vague X-ray 
diffraction pictures of biological fibres under varied 
conditions of humidity, temperature, tension and 
chemical treatments, related to optical, mechanical, 
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Suggested interpretations of the time displacements 
include a low payload-Earth velocity and a terrestrial 
delay mechanism, and the possibility that excursions 
observed in the interplanetary region and at the 
surface of the Earth are related respectively to 
different phases of the travelling storm phenom- 


enon. Further investigation of the data is now in 
progress. 


Acknowledgment is due to Dr. E. J. Smith and 
Dr. J. M. Kelso for useful discussions and to M. Saxe 
for help in preparation of the data used above. 
P. J. Coleman, jun., was responsible for reduction 
of the Pioneer V magnetic data. 

The programme is sponsored by the United States 
National Aeronautics and Space Administration. 
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chemical and technical features, led to a_ broad 
scheme of keratin structure: the «= polymorphic 
transition as reversible intra-molecular chain folding, 
the folds plausibly related to side-chains and S—S 
links to explain ‘set’ and supercontraction. This 
brought academic and industrial recognition, weleome 
financial support, and award of the Royal Institu- 
tion’s quaintly worded Actonian Prize. 

Extension to muscle and collagen established two 
broad classes of fibrous protein structure, while 
similar work on egg albumen and on protein layers 
emphasized chain folding as a key to fibrous 
and globular protein relations. These, with ad hoc 
studies of dyeing and tanning and his ‘missionary’ 
Fundamentals of Fibre Structure, impressed old 
trades with new knowledge. It was the creative 
period. 

When not abroad, the rest of his life, from 1955 
in doubtful health, was spent in Leeds developing 
such themes, as reader in 1937 (later honorary) and, 
from 1945, as professor of biomolecular structure. 
Polypeptides, cellulose, alginates; the vital structures 
of flagella, nucleic acids, muscle components; excur- 
sions on the abnormalities of cancer, influenza, 
rheumatism or ‘pili torti’; new tools; all was his 
oyster. About 150 publications in some thirty 
journals indicate his range and energy. His star 
shone brightly afar, attracting in all benefactions 
exceeding £100,000. Rather silent among his peers, 
he yet gave generous service to governmental and 
industrial planning committees, to the councils of 
scientific and professional bodies, to editorial boards, 
international conferences, industrial consultancy; and 
to furthering the work of others. Honours coming 
thick included an honorary D.Sc. Strasbourg, dis- 
tinguished medals and monetary awards, foreign 
membership of the National Academies in Sweden 
and the United States, and (with A. V. Hill) honorary 
founder-membership of the British Biophysical 
Society. His quick wit and breezy style made him a 
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popular choice for memorial lectures such as the 
Procter, Mather, and Sylvanus Thompson. 
Astbury’s importance lies in the questions he 
asked and when—stimulus rather than detailed 
answer. He was an individualist, poet, shy and unsure 
rather than leader, artistic amateur not scientific 
professional, Elia his fellow, his strength and weak- 
ness the courage and zest the egoisms of a boy, and 
‘ware the colleague who had to “be of no school and 
have no master’. He brought his findings to market 
in the green ear, but would not clear the weeds nor 
suffer the system and technique necessary for the 
harvest. Inevitably the protein-structural break- 
through was lost, and it hurt. Yet at bottom he had 
the humility of giants, kindly to failure and to youth, 
and one warmed to the Croonian and Harvey lec- 
turer who obediently yielded the pavement to a 
youthful fellow-dreamer chugging along his imaginary 
track. If he relished the quip ‘physicists and stamp- 
collectors’ his view of biological research was latterly 
more akin to Hinshelwood’s than to Rutherford’s. 
“T have ventured, 

Like little wanton boys that swim on bladders, 

This many summers in a sea of glory, 

But far beyond my depth.” 
He would rest content with the simple tribute 
‘salute to adventurers’. Married in 1922, he leaves 
a widow, son and daughter. I. MacArrHur 


WuHeEN I joined Sir William Bragg’s team in the 
Department of Physics at University College, 
London, in 1922, W. T. (Bill) Astbury was decidedly 
the most colourful personality there. He took me 
under his wing and helped me in every possible way. 
I think it was partly his natural kindness and partly 
the fact that his intense happiness in his recent 
marriage to a lovely young Irish girl made him feel 
fatherly towards all young people. He was so full of 
enthusiasm for his work that none of us could feel 
it to be drudgery, even though it entailed sitting for 
hours on end with one eye glued to a microscope 
taking readings of the movements of a gold leaf. 
He was so delightfully pleased with his own achieve- 
ments, not only then but throughout his life, that it 
was impossible not to rejoice with him; and he did 
achieve miracles with what would have seemed to 
most people almost intractable problems. Any 
diseussion in which he took part, whether it was 
about crystal symmetry or about politics, became 
at once a matter of the greatest interest; any game 
that he played (and especially our lunch-hour 
international table tennis tournaments at the Royal 
Institution) became the more lively because he took 
part: the normal game was often too slow for him, 
and he would initiate some twist (five marks extra 
for hitting the matchbox off the table) to make it 
more fun. I count myself fortunate to have been 
one of his friends and colleagues. 

KATHLEEN LONSDALE 


Mr. W. V. Lewis 

WILLIAM VAUGHAN Lewrs, lecturer in geography 
at Cambridge and Fellow of Trinity College, was 
killed in a motor accident at De Witt. Towa. on 
June 8. His work gave him a high standing among 
geographers in Britain and abroad. With his excep- 
tional eloquence and vitality, he was a born teacher. 
He was a good friend and had an enduring influence 
on the lives of many people. His early death comes 
as a great shock. 
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Vaughan Lewis was born at Pontypridd in 190), 
and was educated at Pontypridd County School. He 
went up to Gonville and Caius in 1926 and so began 
a life-long connexion with Cambridge. He read 
Part I of the Mathematical Tripos, then turned to 
geography, finding his enduring interest in physio. 
graphy. After completing the Tripos in 1929 he 
remained, first as a student, and then as a University 
demonstrator. He became a lecturer in 1945, when 
‘freezing’ of University appointments ended. In 
1949, to his great pleasure, he was elected a Fellow 
of Trinity College. 

Vaughan Lewis’s research career began when Prof. 
(then Mr.) Steers took him to Scolt Head Island. He 
was intrigued immediately with problems of coastal 
deposition and morphology, turning his own atten. 
tion to Dungeness. He was engaged mainly with 
coastal research, until in 1936 he visited Iceland and 
became a confirmed glaciologist. While this was the 


field of his greatest influence, he typically enlarged, , 


rather than changed, his interests, later doing much 
research on Chesil Beach, the results of which remain 
to be published. He had also a secondary interest 
in hydrology. 

His glaciological work, carried out mainly in 
Norway and Switzerland, was concerned particularly 
with aspects of the structure, flow and _ erosive 
influence of cirque and valley glaciers. Apart from 
his published contributions to glaciology, such as his 
lively exchanges on the cirque problem with D. W. 
Johnson, it should be recorded that he was personally 
responsible for making physicists interested in field- 
work on glaciology. He played a leading part in the 
affairs of the British Glaciological Society, which has 
much enhanced latterly the active development of 
glaciology in Britain and elsewhere. Vaughan Lewis 
initiated two intensive research projects in Norway. 
The results of the earlier investigation of cirque 
glaciers were published in a research memoir of the 
Royal Geographical Society, of which he was the 
editor. His personal interests in the Austerdalsbreen 
Valley glacier project are recorded in a recent joint 
paper in the Glaciological Journal. These investiga- 
tions depended on the co-operation of numbers of 
workers in different fields, and on the active support of 
generations of Cambridge undergraduates and research 
students. Vaughan Lewis again and again caught the 
real interest of undergraduates and, naturally, 
gathered around him eager groups of volunteers for 
field-work. The range and vividness of his ideas were 
such that he had a catalytic effect on the work of 
others. He was always generous, and would continu 
to encourage and assist those whom he had inspired 
to undertake some investigation. He will be sadly 
missed in many places. JEAN M. GROVE 


Mr. Geoffrey Parr 

Wirtu the death of Geoffrey Parr on May 30 at 
the comparatively early age of sixty-one, a colourful 
and popular figure leaves the scientific world. Parr 
received his formal education as an electrical engineer 
at the Finsbury Technical College, and, after working 
for the Admiralty during the latter part of the First 
World War, became a lecturer and demonstrator at 
the City and Guilds Technical College. In 1926 he 
joined the Research Department of the Edison Swan 
Electric Co., Ltd., where the cathode-ray tube was 
undergoing some of its early developments. Then in 


1932 he took charge of the same Company’s Technical 
Service Department. 
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His real métier and flair, however, appeared to lie 
a the communication of knowledge—writing, pub- 
licizing, lecturing, editing and publishing. 

In the middle ’thirties he published his first book, 
The Cathode-Ray Tube and Its Applications, which 
has since gone into many editions and become a 
standard work. 

In 1941. Parr became the first editor of Electronic 
Engineer‘ng and did much to nurture that paper 
through its early phases and war-time difficulties. 
In 1948 he joined Messrs. Chapman and Hall, Ltd., 
as technical director, and remained in that appoint- 
ment until his death, being responsible for the very 
considerable output of scientific books from this well- 





known house. 

Recently. Parr wrote and published, in collabora- 
tion with Mr. J. Godfrey, The Technical Writer, a 

ork which filled a much-felt void and should long 
remain an authentic guide to writing standards 
among scientific authors. 

Apart from his professional work, Geoffrey Parr’s 
‘side’ activities were legion and these helped to 
absorb his boundless energy and enthusiasm. One of 
these was his association with Dr. Grey Walter in the 
development of the electro-encephalograph, for which 
Parr helped in the design and construction of the elec- 
tronics and amplifiers, the whole forming the basis of a 
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Pure Mathematics at Aberystwyth : 
Prof. V. C. Morton 


Pror. V. C. Morton retires in September from the 
chair of pure mathematics at Aberystwyth after 
thirty-eight vears on the staff of the University College 
of Wales. Educated at King Edward VII School, Shef- 
field, and Merton College, Oxford. of which he was a 
scholar. he served in the Royal Corps of Signals 
during 1916-19. On his return he became Junior 
and Senicr Mathematical Scholar of the University 
of Oxford. He lectured for a year at Brighton Tech- 
nical College and in 1923 was appointed lecturer at 
Aberystwyth. He became independent lecturer and 
head of the Pure Mathematics Department in 1926 
and professor in 1933. He investigated various 
geometrical configurations, his best-known work being 
contained in a series of papers on the cubic surface. 
Dean of the Faculty of Arts, twice dean of that of 
Science and vice-principal, he has served the College 
and the University of Wales in many capacities, 
most notably as acting-principal of the College in 
1957-58. A gifted teacher and a stimulating lecturer, 
wise in counsel and disinterested in judgment. his 
integrity and magnanimity are an inspiration to his 
students and colleagues alike. 


Prof. W. B. Pennington 


Dr. W. B. PennrneTton, who has been appointed 
to succeed Prof. Morton, is thirty-eight years of age. 
He had a distinguished career in Cambridge culminat- 
ing, after interruptions by war service in the R.N.V.R. 
(1943-46) and two years at Harvard University 
(1950-52), in a Research Fellowship at Jesus. Since 
1953 he has been reader in mathematics at Westfield 
College, University of London. Dr. Pennington is 
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joint paper to the Institution of Electrical Engineers, 
entitled ‘‘Amplifying and Recording Techniques in 
Electro-biology” (J. Inst. Elec. Eng., 90, 3; 1944). 

He also lectured frequently to technical colleges 
and societies throughout the country, usually on some 
aspect of television. Parr interested himself in many 
scientific societies and helped in the practical manage- 
ment of several of them. Among these, and in particu- 
lar, was the Television Society of which Parr had 
been a Fellow for nearly thirty years, and to which 
he devoted so much paternal care and devotion. 
Becoming honorary lecture secretary in 1936, 
honorary editor of the Journal in 1944 and honorary 
secretary in 1945, he gave unstintingly his free time 
and attention before, during and since the War 
years. In fact, he had only retired from the office 
of honorary secretary a fortnight before his death. 
He helped the Society survive the War and then 
grow into its present stature, and, to a large extent, 
he personally fostered all the important aspects of its 
development. 

Geoffrey had a host of friends in the world of 
television, in technical publishing and journalism, 
and wherever men of science gathered; for his 
gaiety, informality and humanity hundreds will 
remember him gratefully and affectionately. 

T. H. BripGEwaTER 
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well known to British mathematicians, not only for 
his contributions to the analytical theory of numbers, 
but also for his devoted activities in the service of the 
London Mathematical Society as member ef Council, 
vice-president and Journal editor. With his forward- 
looking attitude to mathematics and the catholic 
range of his interests, extending to problems of 
mathematical teaching and administration no less 
than of research, Dr. Pennington has not stood aloof 
from the heart-searchings prevalent among mathe- 
maticians to-day, and his new appointment will 
enhance his opportunities for an effective part in the 
great debate. With his departure to Wales, West- 
field College loses an able mathematician, a delightful 
colleague, an opening batsman and an accomplished 
baritone. 


Physical Chemistry in Trinity College, Dublin: 
Prof. D. C. Pepper 


Dr. Davip CHARLES PEPPER has been appointed 
to the newly established chair of physical chemistry 
in Trinity College, Dublin. Prof. Pepper, born in 
1917, was educated at Ushaw College, Durham, 
Bradford Technical College, from which he took the 
London degree of B.Sc., and Jesus College, Cam- 
bridge. Later, he was awarded the Cambridge degree 
of Ph.D. for work in the Department of Colloid 
Science in Cambridge. He was appointed assistant 
lecturer in Trinity College, Dublin, in 1945, and 
Fellow in 1951. He has been reader in physical 
chemistry since 1955, and has been a member of the 
Royal Irish Academy since 1953. Prof. Pepper’s 
research career commenced with Sir Eric Rideal, with 
whom he worked on a variety of war-time topics, 
sponsored by the Scientific Advisory Council of the 
Ministry of Supply. These researches were concerned 
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and amine monolayers, catalytic oxidation of 
ethylene, the plastic and vinoelastic behaviour of 
solid—liquid dispersions and polymer gels, and the 
kinetics and mechanism of polymerization reactions. 
The last-named topic has formed the basis of Prof. 
Pepper’s interests in Trinity College, Dublin, most of 
his work being in the field of polymer solutions or in 
studies of the kinetics and mechanism of cationic 
polymerization. His research school has revealed 
some of the special characteristics of these reactions, 
notably the effect of solvents both through their 
dielectric behaviour and as co-catalysts. His work 
has focused attention on the considerable kinetic 
differences between these ionic polymerizations and 
free-radical polymerizations. It is true to say that 
contemporary theory in this field is largely based on 
ideas developed in Prof. Pepper’s research group. 


U.S. National Bureau of Standards: New Appoint- 
ments: Mr. Martin T. Decker 


Mr. Martrn T. DecKER has been appointed chief 
of the Tropospheric Measurements Section of the 
National Bureau of Standards Laboratories at Boul- 
der (Colorado). Mr. Decker joined the Bureau staff in 
1949, his early work being in the area of tropospheric 
forward scatter of radio waves. More recently his 
research has been primarily in air-to-ground com- 
munications, including air navigation and airborne 
television studies, especially the prediction of reli- 
ability. He has also made studies of the obstructing 
effects of various materials on radio waves at VHF, 
UHF and SHF. Born in Byron, Nebraska, in 1927, 
Mr. Decker received his B.S. degree in electrical 
engineering from the University of Nebraska in 1950. 
He has continued his engineering studies at the 
University of Colorado. 


Mr. John L. Hague 


Mr. Joun L. Hague, a national authority in the 
field of analytical chemistry, has been appointed chief 
of the Standard Reference Materials Section. Mr. 
Hague had been acting chief of the predecessor 
section, Analytical Chemistry, since March 1960. 
The Standard Reference Materials Section will play 
an important part in the Bureau’s standard materials 
programme. In this programme, the Bureau makes 
available for distribution to science and industry 
more than 550 different standards of metals, ores, 
ceramics, chemicals, hydrocarbons, and more recently 
added radioactive materials, uranium isotopes, 
lithium ores, aluminium refractories, and phosphor 
materials. Standard materials are used to check, 
evaluate and standardize methods of analysis and 
analytical techniques and substances, and to develop 
new and improved methods and instruments. Mr. 
Hague joined the Bureau staff in 1930 as a laboratory 
apprentice. In 1932 he transferred to the Norfolk 
Shipyard and three years later was in charge of the 
Foundry Control Laboratory for ferrous and non- 
ferrous alloys. He returned to the National Bureau 
of Standards in 1935 and in 1951 became assistant 
chief of the Analytical Chemistry Section. Born in 
Kansas City, Missouri, in 1912, Mr. Hague received 
his B.S. degree in chemistry in 1938 from George 
Washington University and has done graduate work 
there. In 1958, Mr. Hague received the Department 
of Commerce Meritorious Service Award ‘‘for out- 


standing original contributions to methods of analysis 
necessary for controlling the production of complex 
metal alloys” 
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Mr. John K. Taylor! 


Dr. Joun K. Taytor, research chemist, whog 
entire 32-year professional career has been with th 
National Bureau of Standards, has been appointed | 
chief of the Applied Analytical Research Section 
the Bureau’s Analytical and Inorganic Chemistry 
Division. The Applie od Analytical Research Sectiop 
is concerned with the deve lopment and application} 
of methods for the analysis and characterization oj 
solids, liquids and gases. Both classical and instry. 
mental methods of analysis are employed, using bot! 
macro- and micro-techniques. The Section also pro., 
vides analytical consultation services and assistance 
for other Bureau programmes. A major part of Dr 
Taylor’s work at the National Bureau of Standard 
has been concerned with the application of physica} 
methods to chemical analysis, including the polaro. 
graphic method and the limitations of voltammetri: 
processes. Recently he has conducted research in 
high-precision coulometric methods of analysis. Dr 
Taylor has written numerous papers on these sub. 
jects, and in 1960 was awarded the Department of 
Commerce Silver Medal in “recognition of his con. 
tributions to accurate electrochemical methods of} 
analysis’. Other areas of research interest for Dr. 
Taylor have included refractometry methods for 
separation of isotopes, and a programme for providing 
a series of uranium isotope standards. This last has! 
consisted of high-precision analysis of uranium com. 
pounds and the blending of highly purified isotopic | 
species for mass spectrographic analysis. Born in 


Mt. Ranier, Maryland, in 1912, Dr. Taylor receivec j 
his B.S. in chemistry from George Washingtor 


University in 1934. He was awarded his M.S. and} 
Ph.D. from the University of Maryland in 1938 and 
1941, respectively. Throughout his professional life.) 
Dr. Taylor has been an active supporter of science 
education. He is a member and past chairman of the 
Joint Board on Seience Education of the Washington 
Academy of Sciences and is editor of The Reporter, a 
news-letter for science and mathematics teachers. 


Public Investment and Export 


UnDER the title “Public Investment and Export” 
an article by Sir Walter Benton Jones, Bart., which 
originally appeared in the Times Review of Industry, 
March 1961, has been, with the addition of some. 
figures for public spending 1950-59, issued as a 
pamphlet (Pp. 7. Grantham: Sir Walter Benton 
Jones, Imham Hall, 1961). Sir Walter asks the ; 
leading question: Has Britain reached a level of 
public spending which may jecpardize her power to 
corapete in the expanding export markets of the , 
world, which may soon become more competitive than | 
at any time in history? Pointing out that public 
spending has risen from £3,692 million in 1950 to 
£5,099 million in 1955 and £6,237 million in 1959. 
whereas exports increased by 33 per cent in the first? 
period and only 16 per cent in the second, compared 
with increases of 49 per cent and 20 per cent.) 
respectively, in world exports, 52 per cent and 13 per 
cent, respectively, for the United States, and 21 per 
cent and 33 per cent for West Germany, he suggests 
that the high level of our public spending may be 
handicapping our exports. Sir Walter suggests that 
since Parliament ultimately fixes and controls public 
expenditure, Parliament should be concerned to, 
regulate the level of public expenditure by public 
income after due regard to possible effects of taxation j 
on production and export, and that what is primarily 
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needed to stimulate export is a considerable easing 
of the burden of taxation. He does not suggest any 
particular reductions in expenditure and admits that 
much expenditure is desirable or essential, but the 
argument is one with implications which the scientist 
might be wise to consider. 


Nutrition Society of Canada 


Ar the fourth annual meeting of the Nutrition 
Society of Canada, held at the Ontario Agricultural 
College, Guelph, on May 30, the following officers 
were elected: President, Dr. E. H. Bensley, Montreal ; 
Vice-President, Dr. R. H. Common, Macdonald 
College; Treasurer, Dr. J. A. Campbell, Ottawa; 
Secretary, Prof. E. V. Evans, Guelph; Councillors, 
Dr. J. M. Bell (1964), Saskatoon, Dr. L. P. Dugal 
(1963), Ottawa, and Dr. W. W. Hawkins (1962). 
Halifax. A feature of the annual dinner of the 
Society was the announcement of the winner of the 


second Borden Award of the Nutrition Society of 


Canada for research in nutrition. This year’s winner, 
Dr. Donald Fraser, of the Research Institute, Hos- 
pital for Sick Children, Toronto, Ontario, was cited 
for his work on vitamin D-refractory rickets in 
children and on varied aspects of calcium and phos- 
phorus metabolism. The special speaker at the 
dinner was Dr. Ross A. Chapman, assistant director, 
Scientifie Services, Food and Drug Directorate, 
Ottawa, whose topic was ‘Research in the Food and 
Drug Directorate”. The one-day Society programme 
included a session of short research papers and a 
symposium on “Current Problems in Nutrition”’. 


New Thinking in School Mathematics 


A REvISION of the school curriculum in mathe- 
matics is needed for two main reasons. First, the 
gap between school mathematics and new mathe- 
matics is increasing, though it is more than ever 
important that the average intelligent citizen should 
understand that mathematics is the true foundation 
of our technological society. Secondly, the shortage 
of mathematics teachers might be partially remedied 
by ensuring that no time is wasted by teaching 
valueless or outmoded material. The Organization 
for European Economic Co-operation arranged a 
survey and a seminar at Royaumont attended by 
about fifty representatives from Europe and North 
America. A report, edited by Howard Fehr, is now 
available (Pp. 246. Paris: Organization for European 
Economic Co-operation, 1961. 10 N.F.; 15s.; 2.50 
dollars; 8.50 D.M.). Part 1 summarizes the pro- 
ceedings of the seminar. There was a general demand 
for a reduction in old-fashioned geometry, the 
inclusion of modern ideas in algebra, possibly with an 
abstract basis, and the introduction of probability 
and statistics. ‘The implementation of such a pro- 
gramme would require new text-books and equip- 
ment, revised courses for teacher-training, and the 
re-education of serving teachers. Part 2 gives the 
results of the survey of present practices and trends, 
with much valuable information concisely presented. 
The volume should be studied carefully by all 
teachers of mathematics; even if they quail at some 
of the ultra-radical suggestions, they will appreciate 
the insistence on pattern and structure as the essence 
of mathematics. 


Coryndon Memorial Museum, Nairobi 


THE annual report of the Coryndon Memorial 
Museum for 1959 is, as usual, a record of much pro- 
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gressive work. This included the establishment of a 
Snake Park and Snake Study Centre surrounded by 
a Botanical Garden, to which there was immediate 
popular approval (Pp. 24+ 1 plate. Nairobi: Museums 
Trustees of Kenya and Coryndon Memorial Museum, 
1961. I1s.). All Departments of the Museum are in 
urgent need of cabinets for storage, especially in 
view of the almost indescribable dust problem in 
dry, windy weather. A number of new exhibits was 
completed. These include a habitat group depicting 
the swordfish, two giant fossil human milk teeth from 
the Olduvai Gorge and a leopard habitat group. 


Western Australian Museum 

THE annual report of the Western Australian 
Museum for the year ended June 30, 1960, records 
the separation as from May 27, 1960, of the Museum 
and the Art Gallery. The Trustees of the combined 
institution have been replaced by two Boards of five 
members each. Consequent on this separation the 
Art Gallery moved out of the present James Street 
wing. Appropriately, the report includes an illus- 
trated short historical sketch of the Museum, together 
with a comprehensive statement regarding future 
policy in relation to the various Departments. An 
account is also given of the major expeditions under- 
taken during the year, and these include one to 
investigate the fauna and flora of the Bernier and 
Dorre Islands in Shark Bay, another to Northwest 
Cape, and assistance given to the Bernice P. Bishop 
Museum of Hawaii when it had a mollusc-hunting 
expedition in Western Australia. The practice of 
including a short summary of papers published by 
members of the staff is useful and worthy of com- 
mendation. 


Treatment of Varicose Veins 

VARICOSE veins of the lower extremities are a 
frequent and highly disabling condition. Their 
surgical management has undergone a great number 
of variations since varicosities were treated by 
puncturing and drainage in the Hippocratic era. The 
exact etiology of varicose veins still remains obscure; 
the disease may tend to be progressive, and morbidity 
causes economic strain on the patient and the com- 
munity. Yutaka Kato and Robert A. Nabatoff, of 
the Department of Surgery, the Mount Sinai Hospital, 
New York City, N.Y., have carried out complete 
stripping of varicose veins of the lower extremities 
under local anzesthesia (Yokohama Med. Bull.. 11, 
No. 6; December 1960). This permits, almost 
immediately, post-operative ambulation and minim- 
izes thrombo-embolic phenomena. The number of 
ineisions depends on the number of incompetent 
perforator veins. All incompetent perforators are 
accurately mapped out pre-operatively, and all are 
ligated flush with the deep veins prior to the stripping 
procedure. Since all the veins communicating with 
the diseased great saphenous system and all ‘blow- 
outs’ in other locations are interrupted, and since the 
remaining varicose vein segments are stripped out, 
very few, if any, injections of sclerosing solution are 
necessary following operation. 


The American Philosophical Society 

Year Book 1960 of the American Philosophical 
Society contains, besides the lists of present and 
former officers of the Society and of former and 
present members, the charter and laws of the Society, 
and a brief history of the Society by E. G. Conklin (Pp. 
786. Philadelphia: American Philosophical Society, 
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1961). The largest of the re ports of committees is 
that of the Committee on Research, which includes 
lists of the 170 grants totalling 165,609 dollars made 
in 1960 from the Penrose Fund and of the 53 grants. 
totalling 53.473 dollars. made from the Johnson 
Fund. Four fellowships, totalling 27,400 dollars, 


were awarded from the Darland Fund. Reports 


from recipients of grants occupy almost 400 pages of 


the 416 of the Committee’s report. Among the 
biographical memoirs included in the volume may be 
mentioned those on R. C. Andrews. W. H. W. Baade, 
N. L. Bowen, O. E. Buckley, A. L. Day, Sir Walter 
Wilson Grey, M. von Laue, L. Loeb, S. A. Mitchell 
and E. C. Tolman. 


Cigarette Smoke Condensate 

Tue Tobacco Manufacturers’ Standing Committee 
has published a second edition of its Research Paper 
No. 4, Cigarette Smoke Condensate Preparation and 
Poutine Laboratory Estimation (by H. R. Bentley and 
J. G. Burgan. London, 1961). This largely follows 
the first edition published in 1959, which it super- 
sedes; but in the new edition the section referring to 
routine laboratory estimation of the yield of cigaret t« 
smoke condensate has been revised and extended. The 
standard method given in the first edition has been 
modified in the light of experience in order to improve 
the reproducibility of results. In particular, col- 
lection of smoke particulate matter by means of a 
Cambridge’ filter followed by drying to constant 
weight is recommended for general use on grounds of 
simplicity. in preference to electrostatic precipitation. 
which has been found to have some disadvantages 
for quantitative work. Consideration is also given to 
the definition of realistic smoking conditions to be 
used with automatic smoking machines, and para- 
meters. based on observations of smokers, of one puff 
of 2-see. duration and 25-ml. vol./min., are reecom- 
mended. These values are useful to have, for it would 
clearly be an advantage if some such agreed para- 
meters were to be adopted in all laboratories in the 
United Kingdom in which cigarette smoke is being 
prepared and investigated. 


Colour in Factories 

CoLour in industry is not merely a form of 
decoration or even a welfare measure. It has certain 
functions to perform and the factors important for 
success have been established. The latest report in 
the Factory Building Studies series, based on several 
years work on the use of colour in various types of 
building, is a concise guide for factory managements 
and their architects or colour consultants (Factory 
Buildings Studies No. 8. Colouring in Factories. 
Published for D.S.I.R. by H.M.S8.O. Price 7s. 6d., 
postage 4d.). It has two sections, both containing 
coloured illustrations. The first section describes the 
basic properties and effects of colour, linking them 
with certain facts about human eyesight, to form 
general principles of colour design. The second 
section explains the practical application of these 
principles. It indicates stage by stage the way in 
which colour for each element of the interior becomes 
disciplined so that a picture is formed of the charac- 
teristics essential to good factory colouring. The 
examples are mainly for daylight, but there are notes 
on the special problems arising where lighting is 
wholly or partly artificial. As lighting and colouring 
are interrelated, this work is complementary to the 
earlier work (No. 2 in the series) on The Lighting of 
Factories. 
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The Content of Jobs 

To the steadily growing number of broadsheets 
which are being produced to assist all who are con. 
cerned with the personnel function of management, 
the Institute of Personnel Management has now 
issued one called Job Analysis. Prepared by H. E, 
Roff and T. E. Watson, of Management Selection, 
Ltd., the broadsheet defines job analysis as ‘“‘the | 
scientific study of statements of all the facts about a 
job which reveal its content and all the modifying 
factors which surround it”. Accepting that much 
of what passes for job analysis to-day is scarcely 
scientific, the authors show how a systematic approach 
to the analysis of a job can help all those who have 
to deal with human problems arising from the estab- 
lishment of wage or salary scales. and the intricacies of 
selection, training and safety. Great difficulties con- 
front industrial management in classifying one job 
against another and the method described in Job 
Analysis provides a useful modus operandi. For 
detailed information the reader must seek elsewhere, 
and the broadsheet contains a valuable bibliography 
which will help him to do this. Job Analysis is 
obtainable from the Institute of Personnel Manage. 
ment, Management House, 80 Fetter Lane. London. 
E.C.4, price 7s. 6d. 


European Organic Geochemistry Group } 

At a recent meeting of members of various Euro- 
pean geochemistry groups it was proposed that a 
European section of the Organic Geochemistry 
Group of the Geochemical Society should be formed. 
At present the Organic Geochemistry Group has 
250 members, 45 of whom are resident in Europe. 
The Group held very successful meetings in Denver 
last autumn, and this year meetings are to be held 
in Cincinnati. As such, countries interested in such 
an organization include Italy, France. the United 
Kingdom, Germany and Holland. The possibility 
of a meeting in Milan during September 1962 is 
being considered. Persons interested in such an 
organization should write to Dr. G. D. Hobson. 
Department of Geology, Imperial College of Science 
and Technology, Prince Consort Road, London, 
S.W.7. 


~ 


Oliver Memorial Fund Award for Blood Transfusion 

Work 

Tue Committee of the Oliver Memorial Fund 
intends making its fourteenth annual award of the 
value of £50 to a British subject whose original work, 
or services in connexion with blood transfusion, is 
considered to be a notable contribution to the research 
organization or donor aspect of this subject. The 
Committee will welcome applications and, in addition, 
communications directing its attention to suitable 
candidates. Applications should be submitted before 
September 30, and should be sent to the honorary 
secretary, Mrs. F. E. Bedborough, 105 New Park 
Avenue, London, N.13. 


Australian Post-Doctoral Fellowships in Protein 
Chemistry 
THE Division of Protein Chemistry of the Common- 
wealth Scientific and Industrial Research Organiza- 
tion, Australia, is offering a number of post-doctoral 
fellowships. The Division has been engaged on a 
comprehensive research programme on _ protein 


a 


structure and chemistry for the past twelve years , 
covering chemical, physicochemical, biophysical and 
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histological studies. The Division is well equipped 
for work in these fields and the applicant will be able 
to work with either fibrous or globular proteins. 
The fellowships have a three-year tenure and provide 
fares for the Fellows and their families to and from 
Salaries of up to £42,720, depending on 
experience, are offered. Further information can be 
obtained from C. Garrow, Division of Protein 
Chemistry, C.S.I.R.O., Wool Research Laboratories, 
343 Royal Parade, Parkville, N.2, Victoria. 


Australia. 


Ramsay Memorial Fellowships 

Tue Ramsay Memorial Fellowships Trustees have 
made the following awards of new fellowships in 
chemistry for the year 1961-62: a general fellowship 
to Mr. M. J. How at the University of Birmingham ; 
a Japanese fellowship to Dr. H. Suginome at the 
University of Cambridge; a New Zealand fellowship 
to Mr. B. A. Grigor at the University of Leicester; 
a Spanish fellowship to Mr. Fernan Alonso Matthias 
at the University of Cambridge; United States 
fellowships to Dr. K. D. Carlson at the University of 
Oxford and Dr. D. W. Setser at the University of 
Cambridge. The Trustees have renewed the follow- 
ing fellowships for the same year to: Mr. A. Bewick 
(general fellowship) at the University of Durham; 
Dr. D. G. Watson (Glasgow fellowship) at the Univer- 
sity of Cambridge; Mr. H. Krabbendam (Netherlands 
fellowship) at the University of Edinburgh; Mr. G. A. 
Rodley (New Zealand fellowship) at University 
College, London; and Dr. Maria Covadonga Rodriguez 
(Spanish fellowship) at the University of Oxford. 


Statistical 
Sampling 
Tue College of Advanced Technology. Birmingham, 

is organizing a full-time course of three weeks dura- 

tion on “Statistical Quality Control and Acceptance 

Sampling”. commencing September 11. The course 

is primarily intended as an introduction to the 

subject. Nevertheless, it provides the basic training 
necessary for quality control engineers. The first 
fortnight will be spent in covering the general prin- 
ciples and procedures of quality control. The final 
week will be devoted to lectures by specialists from 
industry, and to visiting the works of firms using 
quality control, where members of the course will be 
able to see the practical application of quality control 
methods, and discuss the techniques and associated 
problems. Further information ean be obtained from 
the Bursar, College of Advanced Technology, Gosta 
Green, Birmingham 4. 


Quality Control and Acceptance 


Food Science Conference 

THE new Food Research Laboratories for the 
Commonwealth Scientific and Industrial Research 
Organization, Australia, are being opened at North 
tyde, near Sydney, on September 18, and, to mark 
the occasion, a conference on ‘‘Food Science”’ will be 
held there during September 19-22. The conference 
will take the form of three symposia: ‘Chemical 
Aspects of Food Processing’; ‘Factors affecting 
Meat Quality’; ‘Food Preservation and the Organ- 
ization of Plant and Animal Tissues’’. Further 
information can be obtained from the Chief, 
Division of Food Preservation, C.S.I.R.O., Private 
Bag. Homebush Post Office, N.S.W., Australia. 


University News : Birmingham 


Tue following appointments have been announced: 
Dr. L. Riddiford, senior staff Fellow in nuclear 
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physics, to be senior lecturer in the Department of 
Physics; G. Martelli, staff Fellow in nuclear physics. 


to be lecturer in the Department of Physies; Dr. 8. 
Swierszezewski, to be research Fellow in nuclear 
physics in the Department of Physics; Dr. J. H. 


Broadhurst, to be senior research associate, and D. E. 
Kidd, to be research associate, in nuclear physics in 
the Department of Physics; Dr. C. A. Barson and 
Dr. A. E. Pedler, to be senior research Fellows in the 
Department of Chemistry; R. J. Heitzmann, to be 
research Fellow in the Department of Chemistry; 
R. G. Bird, to be lecturer in the Department of Civil 
Engineering; B. K. Gazey, to be research Fellow in 
the Department of Electrical Engineering; Dr. B. 
Henderson, to be research Fellow in the Department 
of Physical Metallurgy; G. R. Ogram and B. Walker, 
to be research Fellows in the Department of Indus- 
trial Metallurgy; Dr. A. T. Kolnai, to be Lloyd- 
Muirhead Fellow in social philosophy in the Depart - 
ment of Philosophy, for one year; J. R. Turcan. 
staff tutor in the Institute of Engineering Production, 
to be research Fellow in the Department of Engineer- 
ing Production; Dr. B. J. Key, to be lecturer in 
neuropharmacology in the Department of Experi- 
mental Psychiatry; Dr. R. R. Dils, to be lecturer 
in the Department of Medical Biochemistry and 
Pharmacology; D. Rimmer. to be lecturer in the 
Department of Economies. 


Edinburgh 


J. H. TurNER has been appointed as lecturer in 
pathology. The following have been appointed 
Imperial Chemical Industries Research Fellows for a 
period of three years, with effect from October 1: 
Dr. 1. Bihler (Hebrew University); Dr. J. Newham 
(Hull); C. MeGreavy (Yale); Herman Wen-Geun 
Chew (Chicago); Dr. A. 8. Milton (Oxford). 


London 


Dr. M. Gorpon, senior lecturer in physical chem- 
istry at the Imperial College of Science and Tech- 
nology, has been appointed to the University 
readership in physical chemistry tenable at that 
College. The title of reader in demography in the 
University of London has been conferred on Mr. J. 
Hajnal, in respect of his post at the London School 
of Economies and Political Science. 

Manchester 

ON an initiative jointly taken by Unilever Ltd. and 
the Department of Economics of the University, a 
Centre for Business Research is to be up in 
Manchester. The Centre, which will be financed by 
money from industry, will, with the assistance of the 
co-operating firms, study of the difficult 
problems of business decisions. and the ways in 
which economic, statistical and econometric know- 
ledge can be used to help the decision-making of 
British business. Support has been guaranteed for 
an initial period of seven years, and it is hoped to 
appoint the first members of the full-time staff 
within a few months. The project will be directed 
by Prof. C. F. Carter, J. Johnston and B. R. Williams. 


Sheffield 


Dr. N. H. Marcu, at present reader in theoretical 
physics, has been appointed to the newly created 
second chair of physics as from October 1. 

The following new appointments have also been 
made: Dr. V. C. L. Hutson. to be lecturer in applied 
mathematics; J. W. Ross. to be junior research 
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Fellow in physies; Dr. I. Hawkes, to be lecturer in 
the Postgraduate School of Mining; Dr. C. J. Ball, 
to be lecturer in metallurgy; I. Livingstone, to be 
lecturer in economic statistics; P. E. Brown, to be 
senior lecturer in preventive medicine and public 
health; W. 'T. Baker, to be health physicist. 


The Night Sky in August 


NEW moon occurs on Aug. Lld. 10h. 36m. v.T. and 
full moon on Aug. 26d. 03h. 14m. The following 
conjunctions with the Moon take place: Aug. 5d. 
17h., Aldebaran 0-3° S.; Aug. 7d. 18h., Venus 3° N.; 
Aug. 14d. 18h., Mars 2° S.; Aug. 23d. 15h., Saturn 
3° S.; Aug. 23d. 23h., Jupiter 3° S. In addition to 
these conjunctions with the Moon, Venus is in con- 
junction with Pollux on Aug. 24d. Illh., Venus being 


7° 8S. There will be an annular eclipse of the Sun on 
Aug. 11, invisible at Greenwich. There will be a 


partial eclipse of the Moon on Aug. 26, visible at 
Greenwich. The Moon enters penumbra at Oh. 
36-lm., enters umbra at lh. 34-9m., leaves umbra 
at 4h. 41-5m., and penumbra at 5h. 40-4m., the 
magnitude of the eclipse being 0-992. Moonset at 
Greenwich on Aug. 26 is at 5h. llm. Mercury is too 
close to the Sun for observation. Venus is a morning 
star, rising at lh. 05m., lh. 15m., and lh. 50m. on 
Aug. 1, 15 and 31, respectively. Its stellar magnitude 
on Aug. 15 is — 3-5; the visible portion of the appar- 
ent disk increases from 0-683 to 0-792 during the 
month and its distance from the Earth increases 
from 96 to 115 million miles. Mars is too close to the 
Sun for observation. Jupiter sets at 3h. 50m., 2h. 
40 m. and Ih. 30m. at the beginning, middle and end 
of the month, respectively. It is near the border of 
Sagittarius and Capricornus; its stellar magnitude on 
Aug. 15 is — 2-3 and its distance from the Earth 385 
million miles. Saturn sets at 3h. 20m., 2h. 15m. 
and Ih. 10m. on Aug. 1, 15 and 31, respectively. It 
is in Sagittarius; its stellar magnitude on Aug. 15 is 
+ 0-4 and its distance from the Earth is 845 million 
miles. There are no occultations of stars brighter 
than magnitude 6 visible at Greenwich. The Perseid 
meteors are active during the first half of the month. 
Maximum activity occurs on Aug. 12, the radiant is 
at R.A. + 3h. 04m., Dec. + 58°, and conditions for 
observation are very favourable. 





Announcements 


Dr. ARNO SiGvarp Exkiunpb, of Sweden, has been 
appointed director-general of the International 
Atomic Energy Agency, in succession to Mr. Sterling 
Cole, whose four-year term of office ends on November 
30, 1961. Dr. Eklund was secretary-general of the 
second United Nations Geneva Conference on the 
Peaceful Uses of Atomic Energy in 1958, and is chair- 
man of the international board of management of 
the Organization for European Economic Co-opera- 
tion High-Temperature Reactor Project Dragon at 
Winfrith Heath, Dorset. 


Dr. MortTEN SIMONSEN, lecturer in immunology. 
University of Copenhagen, has been appointed direc- 
tor of research at the McIndoe Memorial Research 
Unit, Queen Victoria Hospital, East Grinstead, 
Sussex, which is devoted to the study of tissue 
transplantation and associated problems of wound 
healing. 

Ma. J. P. of the 


CATCHPOLE, Department of 


Chemical Engineering, University of Birmingham, has 





NATURE 


VOL. 191 


July 22, 1961 


been awarded the student’s prize of the Institution of 
Chemical Engineers, for his paper entitled ‘Frequency 
Response Techniques for the Study of Packed Bed 
Characteristics”. This is the first award of this prize, , 
which is open to student members of the Institution 
of at least six months standing at the time of presen. 
tation or publication of the paper. 


ARTHUR GUINNESS SON AND Co., Lrp., have estab. 
lished a scheme of awards of cash prizes totalling up 
to £500, to be called the Guinness Awards for Science 
Teachers in Training. The scheme is administered by 
The Science Teacher, the editorial director of which, | 
Mr. Maurice Goldsmith, is chairman of the Guinness 
Awards Advisory Committee. The object of the 
scheme is to encourage students in teacher-training to 
develop and report on their own original contributions 
to the pedagogy of science in ail its branches. The 
scheme will begin to operate as from September 1961. 
Further information can be obtained from the 
Information Office, Arthur Guinness Son and Co. (Park | 
Royal), Ltd., Berk House, 8, Baker Street, London, | 
W.1. 


AN international congress of aviation and cosmo- i 
nautical medicine is being held in Paris during | 
September 26-30. Further information can _ be 
obtained from the secretariat, C.E.R.M.A., 5bis 
avenue de la Porte de Sévres, Paris, France. 


THe Faraday Society has arranged a_ general | 
discussion on “The Structure and Properties of | 
[onic Melts” which will be held in the Department of 
Inorganic and Physical Chemistry, University of 
Liverpool, during September 5-7. Further informa. | 
tion is available from the Secretary, Faraday Society, 
6 Gray’s Inn Square, London, W.C.1. 


THE sixth annual conference of the British Society 
for the Philosophy of Science is being held at St. 
Hugh’s College, Oxford, during September 22-24. 
The following are included in the programme: 
explanation in psychology; learning machines; } 
genetic coding and information theory; statements 
about the universe. Further information can be 
obtained from Dr. M. B. Hesse, Whipple Museum, 
Free School Lane, Cambridge. 


Tue First International Conference on Timber 
Engineering will be held in the University of South- 
ampton during September 18-23. General problems ; 
of timber construction, structural timber joints, 
structures of particular interest, testing of timber 
structures, timber shell structures, constructional 
problems and economics and comparisons are the 
main subjects which will be discussed. Further 
information can be obtained from Dr. H. G. Allen, 
Department of Civil Engineering, University, South- 
ampton. 


- 


A sErtes of postgraduate full-time courses is to be 
held in the Nuclear Studies Section of the Depart- 
ment of Chemistry and Biology, Liverpool College of ) 
Technology, during the 1961-62 session. These 
include a seven-months course in radiation safety and 
health physics, a number of two-week courses in 
radiation safety, radiobiology and radiochemistry, * 
and a one-week course in radiation chemistry. Further , 
information can be obtained from the Principal 
Lecturer and Organizer in charge of Nuclear Studies. 
Chemistry and Biology Department, College of Tech- * 
nology, Byrom Street, Liverpoo! 3. 
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HAZARDS OF THE ANIMAL HOUSE 


NXHE Laboratory Animals Centre continued its 
‘| series Of annual symposia with a discussion on 
“Hazards of the Animal House” at the Royal College 
of Surgeons of England, London, on May 30. As 
a first discussion of this problem, the symposium 
was concerned with the general assessment of the 
situation, indicating the risks involved in handling 
animals suffering from natural and experimental 
infections and outlining the methods by which these 
risks might be reduced. Attention was also directed 
to hazards from sources other than pathogenic organ- 
isms. including risks involved in experiments with 
radioactive material, allergic reactions to experi- 
mental animals and traumatic risks due to careless 
handling of animals. 

Since, perhaps, the greatest hazard of the animal 
house is that the worker should be unaware of the 
risks to which he is exposed, it is natural that many 
of the papers dealt with various agents which could 
be transmitted from animals to man. Early in the 
symposium, Mr. Bywater referred to the fact that, 
although the first case of infection of man with B 
virus from a monkey took place in the 1930’s, it 
seemed that the risk had not been appreciated until 
comparatively recently. Rules for the conduct of 
animal houses, aimed at the protection of not only 
the scientific worker but also the animal house staffs 
themselves, have been drawn up in the past few 
years. Such rules are of obvious value in dealing 
also with dysentery and other intestinal conditions, 
which are transmissible from monkey to man. Dr. 
Sommerville listed the natural infections of laboratory 
rats and mice which are transmissible to man. 
Lymphocytic choriomeningitis has not been encoun- 
tered frequently in man in Great Britain, although it 
appears to be fairly common in the United States, 
sometimes producing an influenza-like syndrome, at 
other times a biphasic illness with an aseptic menin- 
gitis. The encephalo-myocarditis virus of mice is also 
of reasonably frequent occurrence, but other viruses 
are rare. On the bacterial side, Pasteurella septica, 
although found both in rodents and in man, has not 
often been clearly demonstrated as having passed 
from one to the other. However, since it has caused 


; fatal illness in man, it should be taken seriously. 


Leptospirosis is also of importance. 

A second group of infections is caused by viruses 
and bacteria transmitted from mice or rats inoculated 
in the laboratory with diagnostic material or with 
stock viral or bacterial cultures. In this second group, 
infection is much more frequent than by viruses and 
bacteria naturally carried by the animals, but the 
laboratory worker is usually on the lookout for the 
agent concerned. The worker may not always be 
ready, however, to realize the ease with which 
infection may be transmitted by inhalation or 
ingestion of dust from cages contaminated with 
excreta or nasopharyngeal material from the rodents. 

Mr. McNeil dealt with the more specialized topic 
of the hazards associated with farm animals. He 
emphasized the importance of selection of healthy 
animals for experimental work both by clinical 
examination and by application of tests such as 
tuberculin tests and agglutination tests for Brucellosis. 
A quarantine period on arrival is valuable, since it 
also allows parasitic conditions such as ringworm, lice 





or mange to be dealt with. Most of the conditions 
which affect farm animals are likely to be familiar to 
the staff engaged in handling these species. Careless 
post-mortem technique, though perhaps not strictly 
part of the animal house routine, was referred to as 
a source of infection in such conditions as anthrax 
and swine erysipelas. Mr. Hodgman dealt with the 
hazards encountered in dealing with dogs and cats. 
He considered that the risks from disease are not of 
great importance in Great Britain, the main hazard 
being the traumatic one from bites and seratches. 
Conditions affecting dogs and cats and transmissible 
to man are more likely to be apparent in owners of 
pets than in laboratory workers. 

Mr. Garratt spoke of the hazards associated with 
the use of radioactive substances in animal experi- 
ments. His main conclusion was that health hazards 
to personnel from external irradiations are usually 
negligible and those resulting from internal irradiation 
after ingestion or inhalation of radioisotopes could be 
prevented by careful handling. Careful disposal of 
waste was of great importance. In general, the 
attitude of the worker with radioactive substances in 
animal experiments might be summarized by the 
maxim: “Take care of your experiment and your 
health will take care of itself’. Other specialized 
problems were dealt with by Dr. Cooper on the 
handling of large-scale experiments with polio virus, 
mainly from the laboratory point of view, and by 
Dr. Rees on precautions against tuberculous infection 
in the animal house and laboratory. Both these 
speakers were concerned mainly with the techniques 
which would reduce risks to the workers with the 
agents concerned and both referred to the advis- 
ability of vaccination of staff. Surgeon Commander 
Darlow dealt with the general topic of the provision 
of clean air as a factor in preventing the spread of 
infection in the animal house. He showed how con- 
siderable reduction in the number of airborne 
organisms could be effected by suitable air filtration. 
The use of ultra-violet light was recommended as the 
simplest method for killing airborne organisms. Mr. 
Porter dealt with the traumatic hazards not only 
from the animals themselves but also from damaged 
or incorrectly designed equipment. From the econ- 
omic point of view, the minor accidents of the animal 
house (graphically illustrated by Mr. Porter) interfere 
considerably with efficient working. Cracked water 
bottles, damaged cages and bins all provide sharp 
edges on which fingers and hands can readily be cut 
or scraped, with consequent loss in working time. 

Summarizing the discussion, the chairman, Dr. 
J. B. Brooksby, said that the first point that had 
been made was the necessity for awareness among 
research workers of the risks involved in handling 
any species. A remark had been made from the 
floor that any worker about to begin experiments 
with monkeys would do well to consult some of the 
laboratories concerned in handling the species in 
large numbers. Similarly, any worker dealing with 
any new or exotic species should try to obtain all 
possible information before beginning his experimental 
work. This symposium might, however, serve as an 
initial stage in the documentation of the various 
agents which should be considered as hazardous in 
the animal house. An important point seemed to be 
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that the various risks were kept in their true per- 
spective. Thus, B virus infection from the bite of an 
apparently healthy monkey was obviously far more 
serious than the unpleasant, but relatively trivial. 
infection by ringworm from a domestic animal. Just 
as the severity of infection varied from agent to 
agent, so the chances of infection from animal to 
man would vary, and the proper assessment of the 
dangers involved in any particular type of work 
would take into account these factors. 

The action to be taken to avoid the hazards of the 
animal house would obviously relate to the degree of 
risk. Commander Darlow’s paper indicated the way 
to the ultimate degree of protection possible, by 
designing a special building with air-filtration and all 
other apparatus necessary for restriction of airborne 
micro-organisms. Various practical steps could, how- 
ever, be taken to reduce risks in accommodation 
already available. Several speakers emphasized the 
need for taking only healthy animals into the animal 
house. The value of tuberculin testing in monkeys 
was discussed, and there was some divergence of 
opinion as to its value. Restriction of risk in operative 
procedures could often be achieved by the use of 
hoods, anti-splash guards and other equipment of 
this sort. The point had also been made that spread 
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from an animal often occurred after the object of th 
experiment had been achieved and there was no cay 
for example, for keeping tuberculous guinea pigs afte 
the primary lesion had developed; they could }) 
destroyed before caseation supervened. Anothe 
problem which was of great importance was staf 
discipline. particularly where large numbers 
animals were being handled and much of the wor} 
was necessarily undertaken by staff recruited un 
trained. Training took place after appointment 
when new staff members were undertaking poten 
tially dangerous work. Attention to proper steriliza 
tion techniques and to the disposal of bedding an 
dirty equipment was most important. The use o 
proper equipment in a good state of repair was als 
a prime necessity for the avoidance of undud 
risks. 

It will be realizec that many of the steps tha 
must be taken to control hazards are also those whic 
would be taken in any animal house dealing with 
infective agents, in order to prevent cross-infectior 
among the animals themselves, and the instructio 
of workers in the health hazard may help to achiev: 
the discipline which will, in turn, prevent both th/ 
health hazard and the hazard to the experimen} 
itself. | 


USE OF ANIMAL CELL, TISSUE AND ORGAN CULTURES IN 


RADIOBIOLOGY 


i SOR nearly fifty years the tissue culture method has 

proved a valuable experimental tool for radiation 
studies. By isolating a group of cells outside the body 
the effect on blood- and nerve-supply and the reaction 
of the organism as a whole are eliminated and the 
direct effects of radiation can be accurately assessed. 
The establishment of clone cultures and the introduc- 
tion of chemically defined media in the past decade 
have brought a further simplification and standard- 
ization of experimental conditions which make it 
possible to obtain precise quantitative data. At a 
symposium convened by the New York Academy of 
in February 1961, the effects of ionizing 
radiations on cell structure and differentiation, on 
mitosis and growth of cells in tissues grown in vitro 
were reported and correlated with changes in synthe- 
sis of deoxyribonucleic acid (DNA); the influence of 
oxygen tension, sensitizing and protective agents on 
radiation action was outlined, and variations in 
radiosensitivity discussed. 

L. J. Tolmach (St. Louis) and J. E. Fogh (New 
York), using HeLa S3 and FL amnion cells, recon- 
firmed the well-known fact that radiation affects 
cell division much more than cell growth. Cells 
unable to divide continue to increase in size, reaching 
a maximum 2-4 days following exposure. 

Y. Onuki, A. Awa and C. M. Pomerat (Pasadena) 
investigated the effect of radiation on the chromo- 
somes of leucocytes cultured from the human buffy 
coat. A dose of 400 r. increased the number of 
tetraploids by 7 per cent and the number of cells 
showing chromosomal damage by 50 per cent. F. E. 
Osgood (Portland) interpreted the effect of radiation 
on normal and malignant human hemic cells in vivo 
and in vitro in terms of his «-cell-n-cell concept. 
The potentially dividing «-cells give rise, as a rule, 
to another «-cell and a differentiating n-cell. Doses 


Sciences 


of 10-400 r. immediately inhibit the division of 

a-cells while the number of fully differentiated and! 
longer-lived n-cells remains, at first, unchanged 

Their number begins to drop when the reduced 

«-cells fail to replace n-cells which have reached the 

end of their natural life-span. In this range of dosages, 

radiation did not seem to inhibit synthesis of DNA 

of «-cells as they continue to incorporate tritiated} 
thymidine after their increase in number is stopped., 
Comparisons of hemic cells as regards their radio- 

sensitivity show that normal and malignant lympho- 

eytes are the most sensitive cells though even in these 

cells there is a marked individual variation in sensi- 

tivity. 

The great sensitivity of lymphocytes was also , 
emphasized by Schrek and Trowell. KR. Schrek 
(Hines, Ill.) examined the immediate and delayed 
effects of radiation on human and animal lympho- 
cytes. A dose of 1,000 r. produced severe intranuclear 
vacuolization and death within 24 hr. following 
exposure, while 10 r. reduced the 10 per cent survival- 
time from 9-7 to 6-1 days. There was no difference 
in radiosensitivity of haman lymphocytes from blood 
or lymph nodes, but lymphocytes from rats, guinea? 
pigs and rabbits were slightly less sensitive than 
human lymphocytes. O. A. Trowell (Harwell)! 
described the influence of various gas mixtures on the 
action of radiation on lymphocytes from rat mesen- 
teric lymph nodes and stressed the importance of 
choosing the right effect and end-point for measure- 
ments. For example, by counting dead nuclei 5 hr. 


' 


after exposure an oxygen sensitivity factor of 12 was 
found, while counts of surviving nuclei 24 hr. after, 
irradiation gave a sensitivity factor of 2-7—a value 
which agrees well with most other biological materials. 
Trowell attributes his original result to a slowing 
down of pyenosis by oxygen. 
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Another aspect of the action of radiation which 
received much attention was the effect on synthesis 
of DNA as measured by the uptake of tritiated 
thymidine and its correlation with mitotic inhibition 
and cell death. H. Harrington (Cleveland), using 
U'12 fibroblasts, reconfirmed the classic findings of 
Strangeways and Oakeley on the effects of radiation 
on cell division. A rapid drop in mitosis after 500 r. 
is followed 13 hr. later by re-appearance of cell divi- 
sion. Counts of thymidine-labelled mitotic figures 
suggested that there was no accumulation of cells in 
the Gl interphase period but a delay in the synthetic S 
and premitotic G2 period, using the terminology intro- 
duced by Howard and Pele. Similar findings were 
reported by R. B. Painter (Columbus) and W. L. 
Hughes (Upton), who found no evidence that radia- 
tion influenced the rate at which HeLa S3 cells moved 
from the G1 to the S period. The small immediate 
inhibition of synthesis of DNA could not be correlated 
quantitatively with the lethal effect of radiation or 
was the position of the cells in the synthetic cycle 
related with the probability of their survival. The 
three authors agreed that in contrast to synthesis of 
DNA, synthesis of ribonucleic acid (RNA) was prac- 
tically undisturbed, even after high doses of radia- 
tion. 

J. E. Till (Toronto) observed a generalized dose- 
dependent prolongation of all three stages of the first 
synthetic cycle following exposure. However, the 
Gl and S periods were only slightly prolonged. The 
greatest effect was seen on cells which had completed 
synthesis of DNA and had moved to the G2 period, 
which was severely disrupted by radiation. Thus, the 
effects of radiation on synthesis of DNA seem to be 
the result, rather than the cause, of mitotic inhibition. 

A. N. Stroud and A. M. Brues (Argonne, Ill.) gave 
an interesting example of differences in synthesis of 
DNA response in two strains of pig- and monkey- 
kidney cells. After exposure the monkey-kidney 
cells which normally have a low rate of thymidine 
incorporation showed an increase of 15-20 per cent 
more than that of the unirradiated controls, while 
the pig-kidney cells which normally have a high rate 
of incorporation show a striking decrease. P. F. 
Sanders, D. F. Petersen and W. L. Langham (Los 
Alamos) described methods for growing HeLa cell 
suspensions in the presence of tritiated thymidine 
and tritium water, for determining cell size and cell 
number and for measuring radioactivity. Beta 
radiation from tritium has a much greater inhibitory 
effect on proliferation when emitted from incorpor- 
ated *H-thymidine in the nucleus than when merely 
present in water. 

W. B. Looney (Baltimore) pointed out some limita- 
tions of labelled compounds in radiobiological studies. 
Erroneous interpretations may be made as a result of 
reduced synthesis of DNA unless differences in time- 
sequence of control and irradiated systems are taken 
into account. For example, the generation time of 
hepatocytes in regenerating rat liver is increased from 
8 to 13 hr. after 3,000 r.; thus, the ratios of synthesis 
of DNA of irradiated and control specimens between 
8 and 13 hr. would be the ratio of the activity in a 
second cycle of hepatocytes in the controls to that 
of the first cycle of irradiated hepatocytes. 

tr. R. Munro (Cambridge) described a technique 
which allows selected parts of single cells to be irradi- 
ated with «-particles and showed a film of irradiated 
chick fibroblasts. When the chromosomes were 
irradiated with a sufficient dose sticky bridges were 
seen at anaphase and the reconstruction of daughter 
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nuclei inhibited. Neither of these effects was seen 
if the radiation was confined to the cytoplasm. He 
also described a method which allows single HeLa S3 
cells and their progeny to be followed for a week. 
This technique should enable cell survival to be 
studied after localized radiation. 

G. O. Gey (Baltimore) described a more elaborate 
analogous technique for studying population dyna- 
mics of lymphoblasts in culture. His apparatus 
photographed a number of accurately defined fields 
of cells at intervals of 15 min. and enabled the fates 
of large numbers of single cells to be studied. 

H. B. Hewitt (London), using an in vivo bio-assay 
of mouse leukemic cells, measured their response to 
radiation and its variation with different degrees of 
oxygenation. For whole-body exposure of mice 
breathing air or oxygen the dose produeing the same 
survival curves of leukemic cells was lower by a 
factor of 2-3 as compared with mice killed shortly 
before irradiation. On the other hand, survival 
curves for cells of a solid sarcoma were similar for 
living and recently killed mice and identical with the 
anoxic curve obtained for the leukemic cells. He 
concluded that variations in radiosensitivity between 
different mouse tumours are due to differences in their 
oxygenation. J. R. Andrews and R. T. Berry (Beth- 
esda), using the same technique, gave the survival 
curves of a different strain of mouse leukzemic cells 
which grow normally under anoxic conditions in the 
animal. The cells showed an oxygen factor similar 
to that found by Hewitt. They also reported pre- 
liminary results on the effect of dose fractionation 
and on sensitization by some pharmacological 
agents. 

A. Goldfeder (New York), in an interesting paper. 
gave her results on electron-microscopic and_ bio- 
chemical studies of tumour mitochondria, and showed 
that variations in radiosensitivity of two types of 
mouse tumour cells could be correlated with differ- 
ences in mitochondrial structure and metabolism. 

R. Bases (New York) demonstrated the sensitizing 
action of actinomycin D and deuterium oxide in 
experiments in which Puck’s single-cell technique 
was employed. A dose of 300 r. sterilized 5-10 times 
as many cells pretreated with actinomycin D than 
controls. Cells pretreated with deuterium oxide 
were also abnormally sensitive to radiation, an effect 
attributed to a presensitization by incorporation of 
the drug into the DNA of the cells. 

D. E. Rounds (Pasadena) reported a protective 
effect of yeast RNA. RNA-treated cells of the 
Fernandes strain of amnion cells multiplied at a 
normal rate following radiation while untreated 
cultures showed immediate inhibition, but a minimum 
time of 8 hr. was necessary before protection could 
be seen. The magnitude of the protection varied 
considerably with different cell strains. A. Schleich 
(Heidelberg) reported her results on radioprotective 
properties of various compounds, among them 
histamine, thioctie acid, cysteine and cysteinamine, 
tested on whole-body irradiated mice, a strain of 
human malignant fibroblasts and solutions of thymine 
and DNA. The protection varied with the system 
tested but was consistent for all systems with cysteine 
and cysteinamine. 

In contrast to the previous papers, which dealt 
mainly with the effects of radiation on established 
cell strains, J. G. Carlson, E. Borghese and I. Lasnitzki 
described the action of radiation on freshly explanted 
cultures of organized tissues, which retain their 
histological structure in vitre. 
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J. B. Carlson (Knoxville) pointed out the advan- 


tages of his grasshopper neuroblast technique for 
The large size of the 
neuroblasts, their position on the surface of the 


quantitative radiation studies. 


embryo, their constant number and fixed arrangement 
in relation to each other simplifies cell counts, 
facilitates their identification and allows radiation 
effects to be followed through several division cycles. 
A disadvantage of the method is the great sensitivity 
of cell division to changes in osmotic pressure. 

As in vertebrate tissues, X-radiation produces a 
mitotic inhibition due to an arrest of cells in late 
prophase followed by mitotic recovery. Increasing 
the oxygen tension does not increase mitotic inhibition 
but reducing it diminishes the effect of radiation. 
Investigations of frequencies of chromosome aberra- 
tions induced by X-rays show a peak at middle pro- 
phase and anaphase. 

E. Borghese (Rome) showed in a beautiful film 
the growth of mouse embryonic lung explanted 
by the organ culture technique and the effects 
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of y-rays on this tissue. In the controls. develo 
ment and outgrowth of clear translucent bronchj 
could be observed. After exposure the explants 
became opaque, growth slowed down and _ finally 
stopped. 

I. Lasnitzki (Cambridge) reported that irradiation 
can change the pattern of differentiation in organized 
tissues grown in vitro. Mouse vaginal explants 


me 


‘ 


grown by the organ culture technique form squamous / 


epithelium with a superficial layer of keratin. Expo. 
sure to X-rays inhibits the squamous develop. 


ment and keratin formation both in normal- and | 


cestrone-treated vaginas. This effect is unrelated 
to mitotic inhibition and closely resembles that 
seen after treatment with excess vitamin A. It 
also agrees well with results obtained in in vivo 
experiments. 

The symposium reflected the present trend to 
measure the biological effects of radiation and 


} 


showed the advantages tissue cultures offer for such ‘ 


work. InsE LASNITZKI 


THE NATIONAL CHEMICAL LABORATORY 


FT HE report of the National Chemical Laboratory, 

| 1960*, comprises the report of the Steering 
Committee over the signature of Prof. C. E. H. Bawn, 
and the report of the Director, to which are appended 
details of membership of the sub-committees of the 
Steering Committee and of the staff of the Laboratory 
at December 31, 1960, and lists of publications and 
patents during the year and of Standard Samples of 
Organic Compounds. 

On consideration of the Laboratory’s research 
programme in greater detail, the Steering Committee 
agreed that the work of the Extraction of Metals 
Group should include fundamental work on the 
inorganic and physical chemistry of hydrometallurgy 
in addition to work for the Atomic Energy Authority 
on ores and minerals. While the Radioisotope 
Applications Unit, established at Harwell as an 
out-station of the Laboratory in 1957 and now at the 
Isotope Research Division of the Atomic Energy 
Research Establishment at Wantage, is regarded as 
contributing to the National Chemical Laboratory’s 
mandate to cultivate instrumental techniques, the 
Steering Committee found no justification for the 
Department of Scientific and Industrial Research to 
undertake any work on the direct uses of high-activity 
sources of radiation. 

Considering the building programme of the Labora- 
tory in relation the future development of its research 
programme, the Steering Committee formed the 
opinion that, to cover the possible forward require- 
ments, the present staff of 264 should be increased 
by about one-half in the next 5—7 years and doubled 
in the next 10-15 years. It anticipates that the need 
for Government research in the chemical field will 
inevitably grow with the continued expansion of the 
chemical industry, and to provide the buildings 
needed for a staff more than double the present 
complement it recommends that the Laboratory be 


* Department of Scientific and Industrial Research. Report of 


the National Chemical Laboratory, 1960: Report of the Steering Committee 
and Report of the Director of the National Chemical Laboratory for 
1960. Pp. iv+70+ 4 plates. (London: H.M. Stationery Office, 1961.) 
4s. 6d, net. 


moved to a larger site as near the present site as 





possible, in view of the close and important co-opera- | 


tion with the National Physical Laboratory. 
site should be large enough not only to accommodate 
the buildings for the National Chemical Laboratory 
but also to provide in the long term for possible 
expansion there of other existing laboratories or for 
new laboratories. The Research Council has already 
agreed that the possibility of acquiring such a site 
should be explored. 

Commenting on the problem of determining the 
best balance of effort in a national laboratory, the 
director, Dr. J. S. Anderson, defines the task of the 
National Chemical Laboratory as that of carrying out 
research in areas that are important but that cannot 
be studied so effectively by agencies less centrally 
placed. It should seek to place new developments 
on a firm basis of scientific understanding, to ensure 
that all its investigations enrich scientific knowledge, 
and to bring a deeply analytical approach to bear on 
those major problems of wide application, such as the 
prevention of corrosion, which fall within its scope. 
The present research programme is still being devel- 
oped, and Dr. Anderson notes some material changes 
in the work of several research groups during the year. 
Work on the physicochemical properties of organic 
compounds has been converted into a much more 
comprehensive programme of chemical thermo- 
dynamics, though full effect cannot be given to the 
projected scheme until the new buildings are avail- 
able. The Extraction of Metals Group, which 
hitherto has been working almost entirely in associa- 
tions with, and at the request of, the Atomic Energy 
Authority, is now including in its programme some 
fundamental work on the more familiar metals of 
industry. Collaborative arrangements with the 
National Research Development Corporation for 
work on the development and application of ion- 
exchange membranes and of gold-selective ion- 
exchange resins was terminated, but some work in 
this field is being pursued at a more fundamental 
level. Work in the Inorganic Group on the extreme 
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purification of semiconductor materials was also 
substantially reduced and effort transferred to applica- 
tions for the substantial quantities of rare-earth 
elaments that are becoming available. 

A small research unit was set up to continue the 
Director’s fundamental research on the chemistry of 
solids, and in this unit the study of physical processes 
and chemical reactions on absolutely clean metallic 
surfaces, using the field-emission microscope, has 
commenced. A research fellowship has been estab- 
lished and work started on the related and very power- 
ful technique of ion microscopy, which is capable of 
imaging individual atoms on the metal surface. The 
Chemical Thermodynamics Group made a critical 
examination of existing data, and, with the assistance 
of the Association of British Chemical Manufacturers, 
this has led to a recommendation that, on the organic 
side, the Laboratory should commence work on the 
aliphatic compounds containing oxygen and continue 
its work on phenols. The study of the purification 
and physical properties of phenol, cresols and xylinols 
has been completed for publication; work continued 
on the precise determination of the critical tempera- 
tures of certain pure hydrocarbons and the ebullio- 
metrie apparatus for measuring vapour pressure 
has been re-designed and re-built. In the Non- 
metals Group, particular emphasis was placed on 
boron-nitrogen compounds, and the systematic study 
of the chemistry of borazole and its derivatives 
promises to provide polymers with greater thermal 
stability than is usually associated with a molecular 
skeleton of carbon-carbon bonds. Compounds of 
promise as pre-ignition suppressors for motor ‘petrol’ 
have been obtained. Work on ion exchange materials, 
particularly ion-exchanging membranes, has been 
narrowed to a thorough study of selectivity and its 
exploitation, and increased attention given to poly- 
mers with potentially applicable electrochemical and 
electrical properties in the form of reversible redox 
polymers and high nolecular weight materials likely 
to exhibit semiconduction. 

The Extraction of Metals Group has developed a 
modified rotary-film disk contactor for the solvent 
extraction of metals direct from solutions containing 
appreciable quantities of solids in which solvent and 
pulp flow parallel to the planes of the disks, and each 
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stage contains several disks. This has given excellent 
recoveries of uranium, with acceptable solvent losses, 
from sulphuric acid-leached ore pulps and sulphuric 
or nitric acid-leached uranium concentrates. Promis- 
ing results were also obtained in extraction of uranium 
by heap leaching with acid, and in co-operation with 
the Warren Spring Laboratory, the extraction and 
concentration of beryllium frbm concentrates con- 
taining 2-4 per cent beryliium oxide, derived by 
flotation from low-grade ores, has also been studied. 
Examination of the solution chemistry of beryllium. 
mainly concerned with developing methods for the 
selective recovery of beryllium from sulphate leach 
liquors, showed the pronounced tendency of beryllium 
to form polynuclear species in both weakly acidic and 
alkaline solutions. 

The Inorganic Group has given ccnsiderable 
attention to the extraction of the reducible elements, 
samarium, europium and ytterbium, by sodium 
amalgam, and has developed a continuous process for 
recovering these elements from concentrates. The 
possibilities of a new and rapid method of extracting 
aqueous solutions of lanthanons with tributy] 
phosphate are being examined and the purification 
of gallium and arsenic is being studied with the view of 
the preparation of gallium arsenide as a semiconduc- 
tor. The Corrosion of Metals Group is seeking a better 
understanding of the basic physico-chemical factors 
which control corrosion and oxidation processes, and 
of which account must be taken in devising solutions 
to specific problems. Special attention has been 
given to the relative importance of the surface 
preparation of mild steel and the anions present in 
the solution in which the steel is immersed. In the 
study of corrosion in moving water, attention has been 
given to the chemical nature of the corrosive products. 
The very high initial corrosion-rate of mild steel in 
oxygenated dilute chloride solutions at 200° C. has 
been determined, and relations have been estab- 
lished between the rate of corrosion of mild steel in 
batch cultures and the hydrogenase activity of 
sulphate-reducing bacteria. Work is also in pro- 
gress on the distribution in soils of different species 
of sulphate-reducing bacteria, as well as a_ pilot 
investigation of the corrosion of mild steel exposed 
at two sites on the River Thames. 


THE NATIONAL RESEARCH DEVELOPMENT CORPORATION 


N its eleventh vear of life, the National Research 

Development Corporation * negotiated more licence 
and option agreements with United Kingdom and 
overseas firms than in any previous year. Eighty-one 
such agreements were completed (as against sixty- 
one in the previous year) and, by June 30, 1960, some 
456 such agreements were in force. Royalties and 
other payments received under licence and option 
agreements amounted to £259,000 as against £182,000 
in the previous year. About half these receipts 
derived from overseas business, that is, from direct 
payments made by manufacturers abroad, and from 
royalties on goods exported abroad by United 
Kingdom manufacturers. 

The outright sale of patent rights is another, but 
exceptional, form of exploitation activity, and is a 
fluctuating source of income. 

* National Research Development Corporation Bulletin, April 1961. 


By the end of 1960 the Corporation had a portfolio 
of 1,066 United Kingdom and 2,042 overseas patents 
and patent applications for inventions, derived 
chiefly from publicly supported research in the 
Government research establishments, research coun- 
cils and the universities. The portfolio is under 
constant change. Unprofitable patents are allowed 
to expire, others lapse at the end of their periods 
of grant, and new accessions are continually being 
included. 

At the end of 1960, the Corporation was providing 
financial assistance for thirty-five development 
projects. During the year, the Corporation’s expendi- 
ture on development amounted to £427,000, and 
with its subsidiaries it has entered into commit- 
ments for £739,000 for development purposes. 
Recoveries of development expenditure amounted 
to £52,000. 
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One project which was commenced in the year 
under review was the automatic process plant control. 
This is concerned with the development of electronic 
automatic control equipment suitable for plant and 
process control automation and, for example, for the 
control of power stations and chemical plants. It 
contemplates the development of a range of standard 
equipment which will permit electronic analogue and 
mixed analogue/digital computing techniques to be 
used for this purpose. the individual elements being 
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i 
capable of assembly in a variety of ways to enabk 
control systems to be designed as required for any 
particular plant. 

The work is being undertaken by an established: 
firm in the electronic computing and control engineer. 
ing fields, which is sharing the cost with the Corpora. 


‘ 


tion. The project is still in its early stages, but 
work has started on the design of circuit elements and 
components, and on the study of potential plan: 
applications. 


FETAL AND NEONATAL PHYSIOLOGY 


LTHOUGH there have been great reductions in 
A infantile mortality within the present century, 
it is only now being realized how much can be done 
to reduce mortality before birth and in the first days 
after it. The application of fundamental physio- 
logical principles to the management of premature 
infants has become a study in its own right. These 
principles were recently examined in the British 
Medical Bulletin*, the contributions varying from 
investigations of blood pressures in new-born babies. 
the acquirement of immunity and immunological 
tolerance, protein and amino-acid movements in the 
foetus and rew-born animal, transport mechanisms 
in the placenta and red cells, enzyme development, 
the newer aspects of placental histology, foetal 
endocrinology, and the chemoreceptors and their 
function in the aortic-pulmonary body. 

Among the more outstanding experimental work 
is a review by Dr. R. Deanesley of the present 
position in fcetal endocrinology. Experimental 
operations by Jost, Wells and their collaborators, on 
pregnant rabbits and rats, and on foetuses in utero, 
have shown that in these animals the pituitary and 
testes become active before birth and play a decisive 
part in differentiation. Thyroid and adrenal develop- 
ment is controlled by the fetal pituitary. The 
developing foetus at certain stages can react to 
exogenous hormones which reach it directly or through 
the placenta. The fact that the endocrine glands are 
active in the foetus carries no implication that their 
secretions can affect the maternal physiology. 

In their review of the foetal kidney, Miss Pauline 
Alexander and Dr. D. A. Nixon show that develop- 
ment of function in the metanephros is spread over a 
period of time—some activities appearing earlier 
than others. 

The onset of glomerular filtration precedes tubular 
activity so that large volumes of urine may be passed 
into the amniotic or allantoic sacs from an early age. 
Subsequent appearance of tubular activities results 
first in the production of a hypotonic and, later, a 
hypertonic urine. The maximal osmolarity of the 
urine is low by adult standards because of the low 
excretion of solute. The renal capacity to acidify 
the urine is limited in the early stages, in part by 
the very low excretion of phosphate. The glomerular 
tiltration-rate appears to be somewhat labile at first. 
and the factors leading to its stability in later life 
are not known. Ratios for the clearance of p-amino- 
hippurate: inulin suggest that the supply of blood to 


Fetal and Neo- 
British Council, 


* British Medical Bulletin, 17, No. 2 (May 1961): 
natal Physiology. 
1961.) 


Pp. 79-176+8 plates. (London: 
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the kidney is low in fcetal life in comparison with 
that in the adult, and this may limit its functiona): 
capacity considerably. 

The stage of metanephric development at which a 
foetus of any particular species attains an independent| 
existence will determine its initial renal problems. 

Dr. Heather J. Shelley has investigated reserves of 
glycogen and their changes at birth and in anoxia. } 
However, there is no reliable information on the 
glycogen reserves of the new-born human intents, | 
but, by analogy with other species, they probably 
have a high concentration of liver glycogen and a 
fair amount of muscle glycogen. New-born babies 
have been known to withstand anoxia for up to 
30 min. (Bullough, 1958), so it is likely that their| 
cardiac glycogen concentration is also high. Since} 
lactation is not established in man until 24-48 hr. 
after parturition, the new-born baby must be par-} 
ticularly dependent on its reserves; if its liver 
glycogen falls as rapidly as in other species it will 
be in a precarious metabolic state for several days. 
If kept warm, the new-born baby can survive for 
several days without food, but if exposed to cold it 
later dies of hypoglycemia (Mann and Elliot, 1957), ) 
probably the result of an attempt to maintain its 
body temperature (Bruck, 1959). It is therefore * 
possible that factors which reduce the glycogen 
content of the fcetus in utero or at birth may 
jeopardize the infant’s chances of survival after 
birth, and future work must determine to what 
extent the deleterious effects of maternal nutrition. 
placental insufficiency and birth asphyxia may be 
the consequence of inadequate glycogen reserves. 

The ability of young mammals to withstand a total 
lack of oxygen was considered by Dr. Joan Mott. 
She believes that the practical conclusion to be 
drawn from the present state of knowledge of the 
conditions under which anoxic survival is possible is 
that the carbohydrate stores, particularly of the 
heart, should be protected from dissipation. Re- 
synthesis of carbohydrate does occur, but may be 
limited by the rate of entry of glucose into the cell. 
Thus the factor of vital importance is the store of 
carbohydrate already available within the cardiac } 
cells. Repeated episodes of anoxia or hypoxia are 
cumulatively as well as individually dangerous, and 
it is probable that, if the pH is not restored to normal 
level, a stage is reached at which glycolysis may be 
completely inhibited. Repeated anoxic episodes may 
also exhaust the liver glycogen and lead to hypo- 

glycemia, so that maintenance of the circulation 
might be insufficient to protect the brain from ’ 
injury. 
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From the available evidence showing the reaction 
of the new-born animal to environmental tempera- 
tures, Dr. June Hill suggests that the metabolism of 
the new-born of a warm-blooded species often differs 
from that of the adult animal in two important 
respects: first, the new-born animal has a lower 
pasic metabolic rate than is appropriate for its 
surface area; and secondly, per unit surface area, 
the new-born animal has a smaller maximal meta- 
polic response to cold. Thus the heat production of 
the new-born animal, both minimal and maximal, is 
lower per unit surface area than that of the adult. 
The degree of immaturity at birth probably determines 
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to what extent the metabolism of the new-born 
deviates from the adult pattern. 

In addition, the new-born animal often has a coat 
of lower effective insulating power than that of its 
parent; this is partly because the new-born is smaller 
than the adult, and is partly a specific attribute of 
immaturity. This means that, per unit surface area 
at a given environmental temperature, the new-born 
animal loses heat much more readily than the adult. 

These facts underlie, and go far to account for, 
the difficulties which many new-born animals 
experience in maintaining a stable internal body- 
temperature. 


LIFE AND SCIENTIFIC WORK OF SIR JAMES HALL 


rT°HE Bruce-Preller Lecture of the Royal Society 

| of Edinburgh was delivered on June 5 by Dr. 
y. A. Eyles, formerly of the Geological Survey of 
Great Britain, who took as his subject, ““The Life and 
Scientific Work of Sir James Hall, Bart., F.R.S. 
(1761-1832), Second President of the Royal Society 
of Edinburgh’”’. 

Sir James Hali, fourth Baronet of Dunglass, 
Haddingtonshire, was born on January 17, 1761. He 
was a great nephew of Sir John Pringle, Bart., the 
distinguished Army physician. a president of the 
Royal Society of London. Owing to the early death 
of Hall’s father, Sir John took charge of his education. 
He attended the Universities of Cambridge, Geneva 
and Edinburgh. After extensive travel in Europe 
he settled down at Dunglass, though spending much 
time at his town house in Edinburgh. In 1786 he 
married Lady Helen Douglas, a daughter of the 
Earl of Selkirk. 

Hall had been elected a member of the newly formed 
Royal Society of Edinburgh in 1784, and for many 
vears took a prominent part in the affairs of the 
Society. He became president in 1812, being the 
first scientist to occupy the presidential chair. He 
was elected Fellow of the Royal Society of London 
in 1806. 


Though chiefly remembered as a geologist of the 
Huttonian school, he was always much interested in 
chemistry, having been a student of Joseph Black. 
in Edinburgh. His first address to the Royal Society 
of Edinburgh was on Lavoisier’s new theory of 
chemistry, to which he had been converted by 
Lavoisier himself, whom he had met a number of 
times in Paris. 

Hall contributed a number of papers to the Edin- 
burgh Transactions, chief among them being his 
‘*‘Account of the Effects of Compression in Modifying 
the Effects of Heat’’. This describes the long series 
of experiments by which he demonstrated that lime- 
stone, when heated under pressure, remains unde- 
composed. This paper has become a classic, and 
illustrates Hall’s great skill as an experimentalist. 
Hall has been called the ‘father of experimental 
geology’, but might, perhaps more aptly, be called 
the ‘father of geochemistry’. His skill as an experi- 
mentalist has tended to obscure the fact that he was 
also an extremely able field-geologist. 

Hall was a man of many interests, including, in 
later life, politics, and he was member of Parliament 
for the St. Michael division in Cornwall during 1807-— 
1812. He died in 1832, after suffering ill-health in his 
later years. 


HOSPITAL IN-PATIENTS IN BRITAIN 


REPORT on the Hospital In-Patient Enquiry 
{\ for 1959 gives provisional figures for that year 
and some comparisons with earlier years*. The 
report is based on data provided by hospitals (other 
than psychiatric hospitals) in the National Health 
Service, on forms giving a confidential summary of 
the ease records of a 10 per cent sample of discharges 
(the term includes deaths). The purpose of the 
inquiry is to provide statistics to assist the adminis- 
tration of the hospital service and to supplement 
other statistics about mortality and illness in the 
community. It is organized jointly by the Ministry 
of Health and the Central Register Office. 1959 was 
the second year in which the inquiry had almost 
complete coverage of the relevant hospitals in 
England and Wales. 
The tables in the report show the diagnostic dis- 
tribution of case discharges in 1959 and in each year 
back to 1955, regional figures for selected important 


* Ministry of Health and General Register Office. Report on 
a In-Patient Enquiry for the year 1959. Pari 1: Preliminary 
Tables. Pp. 16. (London: H.M. Stationery Office, 1961.) 1s. 6d. net. 


conditions back to 1956, regional figures for maternity 
cases according to the type of maternity care received, 
and the distribution of the cases in the 1959 sample 
by sex, age and diagnosis. It also includes the 
estimates of the population of hospital regions by 
sex and age at June 30, 1959. 

There were, in all, 3,664,100 discharges from the 
relevant hospitals in 1959, or 807-3 per 10,000 
population, compared with 3,554,700, or 788-0 per 
10,000 in 1958, an increase of 2-4 per cent. The 
estimated numbers of discharges for most common 
causes of admission to hospital showed some increase, 
though much of this was probably due to more 
efficient use of hospital services rather than to 
increased illness. 

Respiratory tuberculosis continued to decrease. 
There were 44,300 discharges in 1959, 9-8 per 10,000 
population, compared with 48,800 and a rate of 
10-8 in 1958. The rates for males fell in all regions 
except Liverpool, where an intensive mass radio- 
graphy campaign was held early in the year. 
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There were 2,200 cases of acute poliomyelitis dis- 
charged, or 0-5 per 10,000 population, 1,000 fewer 
than in 1958; there has also been a steady rise in 
hospital discharges for cancer of the lung, from 
22,400, 5-0 per 10,000 population, in 1955, to 30,600, 
6-7 per 10,000, in 1959. Discharges for other tumours 
benign and malignant, have remained fairly steady. 

Discharges for coronary disease continued to rise. 
The 1959 figure was 56,600 (12-5 per 10,000 popula- 
tion), 6,800 more than in 1958. For other heart 
diseases and hypertensive disease, combined, there 
were 5,500 fewer discharges in 1959 than 1958. 
44,600 cases of varicose veins were discharged, 9-8 
per 10,000 population. compared with 40,900 and 
9-1 in 1958. 


ORIGINS OF 


YIR ROBERT ROBINSON has put forward an 
S intriguing new theory suggesting a duplex origin 
of mineral oils.* The prevailing view is that biologi- 
cally derived organic matter aged and was trans- 
formed into petroleum ; but the organic chemistry 
of this supposed petroleum has never been satis- 
factorily worked out. 

In place of this conception, Sir Robert suggests a 
duplex mixture which, wherever it was situated, 
had plenty of time to find its way to the littoral regions 
of the oceans and there to become admixed with 
organic life. As in the full biological theory, life would 
be promoted by salts brought down by the rivers. 

It was indicated by Oparin and Urey that the 
primeval atmosphere was probably largely methane, 
carbon dioxide and ammonia and the temperatures 
rather high. The atmosphere of Venus may be 
similar. It contains much carbon dioxide, and 
Hoyle has suggested that the clouds could consist of 
oil. Organic matter has been found in meteorites. 
Loss of hydrogen from methane would yield hydro- 
earbons and the thermodynamic equilibrium would 
be disturbed by escape of hydrogen from the atmo- 
sphere. Urey and Miller have shown that simple 
amino-acids, for example glycine and aspartic acid, 


* Catalyst, 6; Spring, 1961. 


NEW AFTERGLOW EMISSION ASSOCIATED WITH METASTABLE 
NITROGEN ATOMS 


By L. HERMAN and R. HERMAN 


Observatoire de Paris-Meudon, France 


TOMIC two-body recombination is of importance 
A if the atomic concentration is small enough. 
This is known to occur in interstellar space, for 
example. In laboratory experiments three-body 
recombination is usually the most important. When 
the gas pressure is small, the atoms diffuse towards 
the wall where they are de-activated before they 
recombine by two-body collisions. Addition of an 
inert gas reduces the diffusion effect. One may then 
observe strong emissions of atomic lines of forbidden 
transitions or atomic recombination spectra. These 
emissions are usually characterized by a strong after- 
glow since the recombination processes are slow or the 
life-times for the forbidden transitions very large, of 
the order of seconds. In the present article a new 
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Figures for influenza, bronchitis and pneumoniy 
all showed an increase over 1958, but whereg 
hospital cases of influenza fluctuate (2,600 in 1955 
and 1956, 22,200 in 1957, 4,200 in 1958 and 10,00), 
in 1959), pneumonia and bronchitis have increased 
steadily from 58,000 and 35,400, respectively, in 
1955 to 81,000 and 60,200 in 1959. 

In the two years since 1957, discharges for head\ 
injuries increased by 20 per cent to 82,300, a rate of/ 
18-1 per 10,000 population, and other injuries by; 
13 per cent to 219,200 and a rate of 48-3. 

The number of maternity discharges in 1959 was) 
612,400, being 80-2 per 100 births, compared with! 
599,000 and 75-9 in 1958. Of all births, 60-5 per cent 
took place in hospital compared with 57-5 in 1953 
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PETROLEUM 


can be produced in the laboratory naturally, by 
irradiation of such a mixture after cooling. Quite 
recently, Bahadur and Srivastava have made peptic 
from the same amino-acids by photosynthesis ir 
aqueous solutions. The simple, early non-chloro 
phyllic organisms might well have used hydrocarbon: 
as a source of energy, and possibly become covered 
with oil concentrated near the shores. It is hari 
to see that the distribution of oil which is now 
observed presents any insuperable obstacle. Almos'| 
all geochemical distributions are curiously uneven 
The primeval oil may have been on the surface of th 
seas and brought to shore by solids such as smal 
organisms and rock dust combined with the actior 
of the tides. The release from miscelles, as suggested| 
by Baker, is another possibility. 

There are several mechanisms for straight-chain 
synthesis. Among these the most likely are the 
Fischer-Tropsch and oxo-synthesis. If olefines were 
present, or developed from products of oxo-synthesis, 
they could react with carbene to alkyleyclo-propanes| charg 
The latter are known to give straight-chain <-olefines) other 
on pyrolysis as there is ample room for isomerization, The | 
branch-chain synthesis, aromatization and _ other 
cyclization, introduction of nitrogen and sulphur and 
so on in varied and inevitable side reactions. 
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slow! 
example is given of atomic recombination involving) fe 
excited nitrogen atoms. 5 viech, 
The discharge tube is a 1-1. glass bulb with two side-| —. 
tubes sealed in. One contains a 2-mm. diameter} aa 
tungsten rod which may be used as an internal aa 
electrode. The second tube contains phosphorus} Ot 
pentoxide and sodium trinitride powder. Phosphorus ili 
pentoxide eliminates the last traces of water vapour Pn 
sodium trinitride is used to produce small quantities 0! 5 
pure nitrogen. ; ; ? forbic 
In some experiments, in order to improve and pen 
accelerate the purification of nitrogen, a portion ol the 5 
the inner surface of the glass bulb has been coated —* ° 
with a thin layer of solid sodium. After careful? pss 


evacuation, the glass bulb is filled with pure Xenon | 
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Fig. 1. Afterglow of a nitrogen- xenon mixture. A, high frequency 

discharge spectrum showing the XelI lines and the semi-continuous 

band system; B, short duration afterglow emission spectrum; M, 
mercury comparison spectrum 


Xel 4 


gas at a pressure of 20 mm. mercury and sealed off. 
The discharge and the afterglow spectra have been 
recorded using a conventional pulse technique and a 
rotating disk. The high-frequency generator had a 
pulse frequency of 50 cycles per sec. and a pulse 
duration of 10 usec. The high frequency—high voltage 
output was applied directly to the tungsten electrode 
of the glass bulb. 

The rotating disk was driven by a synchronous 
electric motor having the same frequency as the pulse 
generator. It is possible to obtain either the discharge 
or the afterglow spectrum, at the selected time delay, 
using the phase-shift circuit of the generator. Often 
it is interesting to obtain simultaneously the discharge 
and the early afterglow spectra. This can be achieved 
if the edge of the slit of the rotating disk is perpendicu- 
lar to the slit of the spectrograph, and has been done 
for the spectrum shown in Fig. 1. Such a comparison 
is often useful: it is then quite certain that the experi- 
mental conditions are exactly the same for both the 
discharge and the afterglow spectra. 

Fig. 1 shows a print of the spectrum obtained with 
the pulse generator, the rotating disk, and a glass 
spectrograph of f/8 aperture. The exposure time was 
3hr. This spectrum is obtained with a single exposure 
in which half the slit admitted light from the dis- 
charge (during the pulse of the generator), and the 
other half of the siit the early afterglow emission. 
The discharge spectrum A shows most of the Xel 
lines located in the blue and in the violet (the XelII 
lines in the red are not recorded in this spectrum). 
The remarkable feature is that the afterglow emission 
does not seem to be much excited in the discharge. 
The afterglow spectrum shows a vibrational structure 


, which seems to merge into a continuum near 4790 A. 


rt 


— 


volving! 


— 


yo side- 
ameter 
nternal 
phorus} 
phorus 

apour 

‘ities of} 
re and 
tion of 
coated 
careful ? 
xenon 


, 


This continuous emission extends to about 4600 A. 
The experimental fact gleaned from Fig. 1 is that 
the semi-continuous band system has about the same 
intensity in the discharge as in the afterglow. It 
suggests strongly that the emission is associated with a 
slow reaction. It is emitted only if nitrogen is present. 
The emitting molecule is very likely diatomic. Any 
polyatomic molecule would be dissociated in the 
discharge in a matter of seconds. Since xenon and 


| nitrogen are both necessary for the emission, the 


diatomic molecule is either an unstable XeN or one 
of the weakly bound excited nitrogen molecules. 
Other semi-continuous spectra which also seem 
related to atomic forbidden transitions have been 
found in mixtures of xenon and oxygen. For example, 
there is a very strong green emission related to the 
forbidden 5577-35 A. (2p**D — 2p* 4S) line. Con- 


trary to the emission of Xe + N, investigated here, 


the 5577-35 A. oxygen line lies at the limit of the 
semi-continuous emission. It corresponds to the 
asymptotic portions of the upper and lower molecular 
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potential curves. In the present case (Xe + N,) the 
wave-length limit should be at 5200 A., corresponding 
to the forbidden transition of atomic nitrogen 
2p? 48° — 2p3*D°. Actually. the short wave-length 
limit is about 4920 A. This differs from the forbidden 
nitrogen line by 1,383 em.-! = 0-171 eV. 

There is, however, a large difference in the life-times 
for these two lines. The transition probability for 
the oxygen green line is 1 sec.-! while that of the 
nitrogen % 5200 A. line is 8 x 10-5 sec.-!, about 10+ 
times smaller. This difference may be the reason 
why the 5200 A. line is not observed in the laboratory. 

The emission may be due to recombination of twa 
metastable or normal nitrogen atoms. The lowest 
states of neutral nitrogen are: 


N(2p3 48°), N(2p 2D°) and N(2p* *P®) 
having the energies: 
0-00 eV., 2-37 eV. and 3-56 eV. 
The possible recombination processes are: 


M + N(#S) —- MN(S) 
M + N@D)— MN(D) 
M + N@P)— MN(P) 


where M is a nitrogen or xenon atom. The letters 
S, P and D in the right side next to MN indicate 
molecules built up with nitrogen S, D and P atoms. 
As is customary, we shall assume that the pairs of 
colliding atoms follow a very shallow potential 
energy curve. 

If M is a nitrogen atom, the shallow potential 
energy curves will intersect other potential energy 
curves of stable molecular states, in the region of 
internuclear distances r > r,. 

For N(4S) + N(4S), for example, intersections 
occur with BI], at v > 12, Y°Lz at v > 7, « 1D) at 
v > 6, ail, at v > 6, ... For N(*S) + N(?D), an 
intersection occurs with CJ], at v > 3. 

However, there should be a chance for direct 
transitions between the unstable repulsive potential 
curves. The spectra emitted will be located in the 
following wave-length regions: 


N(4S) + N(2D) — N(4S) + N(4S) + hy 
12-139 eV. 9-756 eV. 2-383 eV. 
N(4S) + N(@P) — N(4S) + N(4S) + Av 
13-331 eV. 9:756eV. 3-575 eV. 


Y 


N(4S) + N(?2P) 
13-331 eV. 

N(?D) + N(?D) 
14-522 eV. 

N(?2D) + N(?D) — 
14-522 eV. 


N(4S) + N(2D) + liv 
12-139 eV. 1-192 eV. 
N(4S) + N(4S) + hy 
9-756 eV. 4-766 eV. 
N(4S) + N(2D) + hv 
12-139 eV. 2-383 eV. 
N(2D) + N(?D) — N(4S) + N(?P) + Av 
14-522 eV. 13-331 eV. 1-191 eV. 


In these equations it is assumed that the emission 
takes place while the atoms are on + horizontal 
asymptotic part of the potential curve. If transitions 
from the shallow minima of the unstable potential 
curves are considered, slightly different wave-lengths 
may be obtained. This would explain the difference 
of 1,383 cm.-! discussed above. 

Then our afterglow spectrum would correspond 
either to the first or the fifth process. The first 
reaction is more likely since the number of N(*D) 
atoms is much smaller than that of N(4S) atoms. 

This work was supported in part by the Geo- 
physics Research Directorate of the Air Force 
Cambridge Research Laboratories, Air Force Research 
Division, through its European office. 
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CHEMISORPTION AT SOLID-LIQUID INTERFACES 
By A. R. BURKIN and G. HALSEY 


Department of Metallurgy, Royal School of Mines, Imperial College of Science and Technology, London, S.W.7 


DSORPTION of solute molecules or ions from 
aqueous solutions at a solid surface may result 
in strong electron interaction between one or more 
atoms of the adsorbed material and the solid. In 
such cases water molecules must be displaced and 
if the adsorption sites correspond to close proximity 
of metal ions in the solid lattice the adsorption 
process is formally similar to the first stage in the 
formation of a co-ordination complex compound. 
For a simple hydrated metal ion M”*+ and ligand L, 
assumed here to be uncharged, this is represented 
by the following reaction with equilibrium constant 
KR: 
(M(H,0);)"" + Le 


If this model of adsorption is applicable there should 
be a correlation between the extent of adsorption 
and the value of A, for an appropriate equilibrium 
in solution. Since the environment of a metal ion 
controls its electron energy-levels, direct comparison 
is impossible, but by use of a simple argument in 
the interpretation of some adsorption isotherms it is 
shown below that the model predicts the observed 
behaviour. 

If certain transition metal ions are placed in order 
of increasing values of A, with a ligand which gives 
metal-oxygen or metal-nitrogen bonds, it is found 
that the order is the same for many different ligands 
(the Irving-Williams series). The values of log 
K, for complex formation with ammonia, extrapolated 
to infinite dilution, at 30°C. are ' for Cu(II), 4-01; 
Ni(II), 2-67; and Zn(II), 2-18. It may be con- 
fidently predicted, therefore, that with primary 
aliphatic amines copper will form more stable com- 
plexes than will the other two metals, and the com- 
plexes of nickel will be slightly more stable than those 
of zinc. Thus such an amines should be adsorbed 
more strongly from an aqueous solution by copper 
oxide than by nickel oxide and more strongly by 
this than by zine oxide, if the arguments presented 
above are correct. 

Adsorption of n-dodecylamine on quartz occurs 
from solutions of pH around 9 by attachment of 
alkylammonium ions to the solid®*. At higher 
amine concentrations multilayer formation occurs 
by abstractgon of uncharged amine molecules. The 
results presented in Fig. 1 show that cupric, nickel 
and zine oxides adsorb amine molecules, not the 
ions. The curves show the variation with pH of 
the minimum concentration of total amine (molecules 
and ions) in solution capable of giving ‘pick up’ of 
solid particles of the oxide of size such that they 
pass through a sieve with openings 0-211 mm. but 
not through one with 0-152 mm. openings. ‘Pick 
up’ is said to oceur when the particles under the 
amine solution adhere so firmly to an air bubble that 
they do not readily break away when the bubble is 
raised through the liquid. For particles of similar 
size and mass it is generally agreed that pick up 


[M(H,0)z-, L]"* 


NATURE 





July 22, 1961 


VOL. 191 ' 


*gem./em 


} 


~ 
= 


occurs when the surface coverage with a particula) 
reagent reaches a certain value which depends o 
the system. The pick up curves for the three meta 
oxides correspond to lines of constant free-amin 
concentration in the solution. The analogous cury) 
for quartz corresponds to constant alkylammoniun 
ion concentration in solution. The lack of adsorptio;) 
of the ions by the metal oxides from solutions 0 
low amine concentration is probably associate: 
with the much higher density of negative charg 
at the surface of quartz in solutions of pH 9-10. 

In Fig. 2 adsorption isotherms measured at 30° ( 
are given for n-dodecylamine on cupric, nick} pig 
and zine oxides. A full discussion of these will b| : 
presented elsewhere. In the case of cupric oxidé 
a well-defined flattening of the curve corresponds w| ligat 
completion of a monolayer, and at higher amin Inp 
concentrations multilayer formation occurs. Zin cant 
and nickel oxides do not show completion of th} tain 
monolayer but analysis of the curves indicate} stat 
multilayer formation in the same region of amin} leve 
concentration in solution as gives multilayers o}| =-bo 
cupric oxide. While the monolayer is being forme) elect 
it is clear that the ability to adsorb amine fron) may 
solution increases in the order ZnO<NiO<Cu0O. or tl 

The entropy changes on adsorption of amine t who 
the metal oxides before completion of the monolayer the | 


Amine adsorbed (10 











will be of similar magnitude in each case. Thr that 
enthalpy changes will, therefore, also be in the ordet in th 
CuO>NiO>ZnO as will the strengths of the bond 
between the metal ions and the amine adsorbed 
relative to those between the metal ions and water 
The strength of the bond between a metal ion and 
10-0 f— ; 
Fy 
i 
i} 
3 } OD 
3 in 
g 
r= 1:0 been 
3 elect: 
3 types 
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0-1 = 134 08), 
5 9 10 11 2 Danie 
pH loge) 
Fig. 1. Bubble pick-up curves for n-dodecylamine and (1) Zn0, ) also 
(2) NiO, (3) CuO. Curve (4) shows the slope of lines of constant 
free amine concentration | tures: 
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ponds ti} ligand depends on the electronic structure of each. 
‘r amin) In particular, the ability to form x-bonds will signifi- 
rs. Zin| cantly increase the bond-strength. Molecules con- 
n of th} taining an element such as sulphur in a low valency 
indicate| state can accommodate electrons from suitable 
of amin) levels in the metal ion in vacant levels and so give 
uyers on] x-bonds. If the metal ions are in a solid lattice the 
x forme) electrons available for interacting with the ligand 
ne fron| may either be isolated on the individual metal ions 
‘uO. or they may be held in bands associated with the 
mine ti} whole crystal if the solid is a semiconductor. In 
onolaye the latter case the relevant electron energy will be 
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A large amount of data exists‘ showing that 
mercaptans, dialkyl sulphides, xanthates, dithio- 
carbamates and similar compounds containing di- 
valent sulphur are adsorbed very strongly from 
solutions of suitable pH by solids containing metal 
ions which are in a suitable electronic state to form 
strong bonds with sulphur. With an oxidizing ion 
such as divalent copper. electron transfer often 
results, giving oxidized ligand and cuprous ions, 
whereas cuprous oxide. for example, simply adsorbs 
the reagent. If a solid has both anodic and cathodic 
areas on the surface, different adsorption behaviour 
would be expected at each kind of surface. In 
the case of galena and xanthate, adsorption occurs 
at the anodic regions’ and greatly increased amounts 
are adsorbed when anodic bias is applied to the solid. 
The electron energy-levels are raised under anodic 
conditions so that the energy of electrons in the 
solid available for x-bond formation with vacant 
ligand orbitals is increased. 

The views on the factors controlling chemisorption 
from solution set out above are strongly supported 
by experimental evidence. It is therefore possible 
to predict what reagents and treatment of the solid 
are likely to give strong adsorption under suitable 
conditions. This is of interest in infestigating the 
froth flotation process for separating minerals. 

We thank the Department of Scientific and 
Industrial Research for a maintenance grant to 
one of us (G. H.) and the University of London 
Central Research Fund for a liquid scintillation 
counter. 
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MODIFIED CELLULOSE ION EXCHANGERS AND THEIR USE IN 
RIBONUCLEIC ACID FRACTIONATION 


By Dr. L. BOSCH, Miss G. van der WENDE and Dr. H. BLOEMENDAL 


Department of Biochemistry, The Netherlands Cancer Institute, Antoni van Leeuwenhoek-Huis, 
Amsterdam 


} QINCE their introduction by Peterson and Sober 

in 1956! modified cellulose ion exchangers have 

| been widely applied for the fractionation of poly- 

electrolytes like nucleic acids and proteins. Two 

| types of resins particularly proved to be of value. 

| The first one is an ion exchanger containing basic 

groups derived from triethanolamine bound to 

| cellulose through reaction with epichlorohydrin. 

} This resin, called Ecteola-cellulose, has frequently 
been used for nucleic acid fractionation?-*. 

A second type of cellulose adsorbent displayed 
particular merits for the chromatographic separation 
|) of proteins. It contains carboxymethyl (CM-cellu- 

lose), diethylaminoethyl (DEAE-cellulose), triethy]- 

aminoethyl (TEAE-cellulose) and phosphate (P-cellu- 

se) groups. Among these DEAE-cellulose may 
) also be used for the resolution of nucleic acid mix- 
} tures®, 


The obvious need for improvement of the available 
fractionation techniques in connexion with metabolic 
work on nucleic acids, urged us to explore the 
possibilities of cellulose ion exchangers more system- 
atically. 

In two earlier papers*:? we described a fractionation 
and purification of microsomal (m-RNA) and soluble 
ribonucleic acid (s-RNA) from rat liver on the resin 

icteola. Although the results were valuable for the 
establishment of certain metabolic interrelationships 
between the two kinds of nucleic acids, definite 
disadvantages of this resin soon became apparent. 
Following adsorption of a polymer of relatively high 
molecular weight (for example, microsomal RNA) on 
Ecteola columns, complete recovery cannot be 
achieved without application of eluants of high pH, 
degradative for RNA, and destroying the secondary 
structure of DNA. Consequently, the value of 
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Fig. 1. Relationship between the amount of triethanolamine used 

for the preparation of Ecteola and the number of groups intro- 

duced as determined by potentiometric titration with hydrochloric 

acid, The resins were prepared as described in the text and 
designated Ecteola I to VII 
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Ecteola is rather limited although this resin is useful 
for the fractionation and isolation of smaller poly- 
and oligo-nucleotides and for analytical purposes. It 
is conceivable that a reduction in the density of 
binding sites on the exchanger would result in a 
weakening of the binding force between resin and the 
adsorbed polyanion. As a result the latter might 
then be eluted from the column by increasing the 
ionic strength of the eluant without necessarily 
raising the pH. 

As an alternative such a weakening might be 
achieved by reducing the basicity of potential binding 
groups by introducing weaker bases than triethanol- 
amine. 

In this investigation both lines of approach have 
been followed. Various Ecteola resins with decreasing 
nitrogen content have been prepared and their 
capacities to fractionate soluble and microsomal 
RNA from rat liver have been compared. In addition, 
a new class of resins has been prepared by introducing 
nucleosides instead of triethanolamine into cellulose ; 
the results of some preliminary fractionation experi- 
ments with the latter type of resins will be presented. 

Experimental: Preparation of Ecteola-cellulose. 
Whatman cellulose powder (ashless, standard grade) 
was submitted for several hours to vigorous vibration 
in a sieve attached to the vibrator. Particles passing 
the sieve and having a diameter less than 0-05 mm. 
were used for the preparation of Ecteola according to 
Peterson and Sober'. 

Nucleoside cellulose was prepared by adding nucleo- 
side instead of triethanolamine. Reactants were used 
in the following ratio: Whatman powder, 1 gm.; 
nucleoside, 1-9 m.mole; sodium hydroxide, 1 gm. ; 
epichlorohydrin, | ml.; water, 2-5 ml. 

Seven Ecteola resins were prepared according to 
Peterson and Sober’, starting with constant amounts 
of cellulose (30 gm.) and epichlorohydrin (30 ml.) but 
increasing amounts of triethanolamine (1-75-17-5 
ml.). Nitrogen content of the preparations as determ- 
ined by potentiometric titration with hydrochloric 
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triethanolamine, as shown in Fig. 1. Kjeldab 
analysis yielded rather inaccurate results, probab), 
due to the fact that very prolonged periods of heatin:} 
with concentrated sulphuric acid were required fy 
complete destruction. In most cases, however 
about 90 per cent of all nitrogen groups determine 
by the Kjeldahl analysis could be accounted for by 
hydrochlorie acid titration. : 
Fractionation of microsomal RNA from rat live} 
Microsomal RNA was isolated from rat liver by mean 
of phenol extraction®*, dialysed against 0-01 }, 
phosphate, pH 5, and submitted to chromatograph 
on the various Ecteola preparations. Some of th 
elution patterns, representative for our work of 
microsomal RNA, are illustrated in Fig. 2. } 
With increasing nitrogen content of the resins, 
shift in these patterns towards the alkaline region ;) 
observed, and from Ecteola V onwards the amour} 
of RNA requiring alkali for its elution rises. 0 
Ecteola VII all the RNA emerges from the colum 
in the alkaline region, indicating that fractionatia 
experiments on resins of one particular nitroge 
content only may not always yield a clear pictur 
of the heterogeneity of the samples under investigs 
tion. Furthermore, it can be concluded from Fig. } 
that a fairly large proportion of m-RNA is recoverei 
from various resins by sodium chloride elution. Thi 
fraction was designated as m,-RNA, which meas 
m-RNA recovered by washing with salt, althoug 
the varying proportions with which it is eluted in th: 
salt region on various Ecteolas (Fig. 2) throws doubt 
on the homogeneity of this fraction. Ultracentrifug: 
analysis revealed that it is polydisperse?. 
Fractionation of soluble RNA. In earlier exper 
ments® it was shown that a fraction of soluble RN 
which is involved in the transfer of amino-acids t 
the microsomes, also appeared in the salt region whe! 
fractionated on Ecteola. The question could there 
fore be raised whether microsomal RNA contain’ 
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Fig. 2. Fractionation of microsomal RNA on Ecteola resins with 


increasing nitrogen content. Columns of 7 cm. length and 0-8 cm. 

diameter. A linear gradient elution system was established by 

applying a stock of 1 M NaCl-0-01 M phosphate (pH 5) solution , 

and a mixing flask containing 1 1. of 0-01 M phosphate (pH 5). 
Optical density (O.D.) was read at 260 mu 
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ammonia and sodium hydroxide. 
= eaten teeta oo = Bute aan m-RNA_ recovered by means 
; of sodium chloride from the adeno- 
Let mp So RMA sine column and re-submitted to 
7 } chromatography emerged from the 
04; <_ jacanr een ro-6 column in exactly the same posi- 
4 i " tion, demonstrating a good repro- 
pita 0 ducibility of this type of resin. 
7 ; Batches prepared at different times, 
4 a r however, did t always yield 
1,46 mg 3 RNA 1iowever, did no ays yie 
~ 2 2 2 oe ---° 0-4 strictly identical fractionation pat- 
ee 1 terns, necessitating a primary check 
i en ed Cm ~ before any new batch is going to 
is 3 B : e q a “i be used. 
: 25 50 75 100 125 150 75 Although the fractionation of 
0,01 M : | m-RNA on guanosine cellulose has 
> =a queen © On 6 Ge, Ot i for,o8 Se hon not been fully investigated so far, it 








Fig. 3. Fractionation of soluble RNA on two Ecteola resins. For conditions, see legend, Fig. 2 


soluble RNA, either as a native component or as a 
contamination due to inefficient washing of the 
microsomes. Support for the former assumption may 
be derived from communications by Smith et al.™-1", 
who found that mouse-liver microsomes contain RNA 
(comprising 10-20 per cent of the total m-RNA) 
which will accept amino-acids, when incubated with 
enzymes at pH 5 under the usual conditions. Hence 
the behaviour of s-RNA on various Ecteola resins 
was examined, and some of the results are presented 
in Fig. 3. Chromatography of s-RNA on Ecteola V 
vields a fraction, earlier designated as s,-RNA §%, 
which carries amino-acids and is indistinguishable 
from m,-RNA, when fractionated similarly on Ecteola 
i 

A comparison of the elution patterns of s- and m- 
RNA on Ecteola VII, however, clearly demonstrates 
the non-identity of the fractions s,; and m,, and 
stresses once more the importance of using resins 
with varying densities of binding sites. A further 
characterization of the two fractions will be published 
elsewhere?®. 

Two modifications in the elution procedure have 
been attempted: gradient elution with magnesium 
chloride in 0-01 M phosphate buffer of pH 5, and 
elution with increasing concentrations of phosphate, 
keeping the pH constant at 5. When m-RNA was 
fractionated on Ecteola IV only 10 per cent of the 
material could be recovered by applying the mag- 
nesium chloride gradient, the remaining 90 per cent 
appearing in the alkaline region. Similar results 
were obtained when the ionic strength was increased 
by applying a phosphate gradient. 

Cellulose ion exchangers containing binding groups of 
lower basicity. The ease with which all kinds of groups 
may be introduced into cellulose 





appeared that m-RNA, when dis- 
solved in 0-01 M phosphate, pH 5, 
is retained very weakly by the resin. 
Possibly elution has to be performed with buffers 
of very low ionic strength. 

Uridine cellulose and particularly cytidine cellulose 
bind large proportions of m-RNA, recoverable by 
elution with alkali only. 

Discussion. Ecteola and DEAE have a limited value 
for the fractionation of nucleic acids only due to the 
high pK’ values of the two types of resins. (pK’ of 
DEAE (in 0-5 M sodium chloride) is 9-5, that of 
Ecteola 7-5. Cellulose resins prepared from mono- 
ethanolamine (pK’ 9) instead of triethanolamine 
(pK’ 8-0) retained RNA more strongly than 
Ecteola did.) More favourable results might be 
expected by weakening the binding force between 
absorbent and polymer, for example, by replacing 
heteropolar linkages by van der Waals forces, hydro- 
gen bonds, ete. In fact, a resin consisting of an 
insoluble polynucleotide seemed to meet these 
requirements ideally. Such a resin may be prepared 
by maximal loading of Ecteola with a synthetic 
polynucleotide of high molecular weight. Poly- 
adenylic acid with a molecular weight of about 
400,000, for example, is strongly bound by Ecteola’, 
and can be recovered only by eluting with alkaline 
solutions. So far, exchangers of this type have not 
been investigated in this laboratory due to the fact 
that large amounts of polynucleotides are needed 
and were not available to us at the time. As an 
alternative, nucleosides were introduced into cellulose 
through reaction with epichlorohydrin, and prelimin- 
ary results demonstrated that resins with satisfactory 
exchanging capacities were obtained. Of the four 
types of resins prepared, the purine cellulose ex- 
changers showed the most promising fractionating 
properties. Uridine and cytidine cellulose retained 


























suggested that nucleoside instead 

of triethanolamine might also react 00... — optical density = --- [Na ci] [Neci} 
with cellulose through epichloro- F 
hydrin. According to this idea, ADENOSINE COLUMN r 
four new ion exchangers have nite endian : b 
been prepared from adenosine, 04 ate ee aii ‘ 
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was recovered by applying a sodium pHs 

chloride gradient elution system, Fig. 4. Fractionation of microsomal RNA on adenosine cellulose. Column of 10 cm. 
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m-RNA too strongly. and de not seem to have 
particular advantages over Ecteola. 

The chromatographic behaviour of m-RNA on 
adenosine- and guanosine-cellulose is in accord with 
the lower dissociation constant of the NH,-group of 
guanosine (pK’, 1-6) as compared with that of 
adenosine (pK, 3-45) (ref. 13). 

The extent to which ring opening of the purine and 
pyrimidine moieties occurs during preparation of the 
resin remains to be investigated. Strong alkali is re- 
quired, and the temperature rises to more than 100° C. 
during the exothermic reaction between cellulose, 
epichlorohydrin and _ nucleoside. Potentiometric 
titration of adenosine cellulose did not reveal the 
presence of any additional basic groups and the pK’, 
of the resin is the same as that of free adenosine. 
This may indicate that the purine structure remained 
unaltered during preparation of the ion exchanger. 
The strong retention of m-RNA by pyrimidine 
cellulose, however, throws doubt on this question 
so far as the pyrimidines are concerned. 
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DIMER FORMATION AND THE TRANSFER OF GLYCEROL ACROSS 
THE ERYTHROCYTE MEMBRANE 


By Dr. W. D. STEIN* 


Department of Colloid Science, University of Cambridge 


NUMBER of cell membranes have been shown 
Aw possess specialized systems which accelerate 
the movement down the concentration-gradient of 
specific metabolites. In the absence of such systems, 
these metabolites can cross the membrane slowly or 
not at all. Among such ‘facilitated diffusion’ systems? 
are those concerned in the movement of glucose into 
the human erythrocyte® and into muscle diaphragm? 
and the inward movement of sodium ions during the 
passage of the nerve impulse‘. Most models that have 
been suggested for facilitated diffusion have involved 
hypothetical carriers in the cell membrane. The 
present investigation of the system which transfers 
glycerol across the human erythrocyte membrane 
was initiated in the hope of isolating such a glycerol 
carrier. However, during the course of this work it 
has become clear that a model can be suggested which 
accounts for the facilitated diffusion of glycerol, 
without requiring the assumption of any membrane 
carrier at all. 

It is perhaps useful to recall what constitutes the 
normal barrier to the movement of a molecule such 
as glycerol across the membrane, in the absence of 
any facilitated diffusion system*®. The three hydroxy] 
groups of glycerol form strong hydrogen bonds with 
water. These hydrogen bonds anchor the glycerol 
in the aqueous phase. hindering its entrance into the 
hydrophobic lipid region of the membrane and hence 
reducing the rate at which it crosses the membrane. 
The membrane carriers that some previous workers 
have postulated have been ‘alternative-hydrogen- 
bond formers’ which can form hydrogen bonds with 
the glycerol molecules, competing with the water 
molecules. The carrier-glycerol complex has then 
its hydrogen-bonds internally saturated and can enter 
the cell membrane largely free of attached water 
molecules (Fig. 1a). 

However, another method by which the glycerol 
molecule can have its hydrogen bond-forming 
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capacity internally saturated is as follows (I am 
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greatly indebted to Dr. D. A. Haydon of this Depart- ? 
ment for providing me with this idea, which is the | 


core of the present theory): Two glycerol molecules 
may interact to form a dimer (Fig. 1b). Then each 
can act effectively as the ‘carrier’ for its fellow. On 
this basis I have derived the proposed model. I 
postulate the existence in the cell membrane of sites 
which bind pairs of glycerol molecules, thereby con- 
centrating them and enabling them to interact with 
one another to form dimers. These dimers being 
free of attached water molecules (but still attached 
to the binding sites), are enabled to enter the hydro- 
phobic region of the membrane. Inside the membrane 
the dimers dissociate from the binding site and can 
then traverse the membrane (either as dimers or, 
for the most part, having dissociated again into 
monomers). A summary of the evidence in favour 
of this model is presented here. Full details will 
be published elsewhere. 

All the present measurements of red cell permeabili- 
ties have been made using the method of Orskov’, in 
which the changes in optical density of a suspension of 


(a) ~~ (6) 
aa = - 
ec) 


Glycerol-‘carrier’ complexes: (a) glycerol + ‘carrier’; 
or glycerol + glycerol; (c) glycerol + 1,3-dihydroxypropane. 
The left-hand molecule is, in each case, gly cerol hydrogen-bonded 
water molecule 
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red blood cells on the addition of a solution of pene- 
trating molecules is recorded. Analysis of the curves 
relating these changes in optical density with time 
shows that the curves are for the most part exponential 
functions. The half-time (¢}) of such a curve (the 
time taken for the galvanometer deflexion recording 
the optical density to fall to half its initial value) can 
be related to the reciprocal of the rate at which the 
permeant crosses the membrane‘. 

Postulate 1. The glycerol acceptor site is bivalent. 
(a) The activity of the glycerol facilitator is a function 
of pH. In Fig. 2, the reciprocal of the half-time for 
the entry of glycerol into the cell is plotted against 
pH for a number of buffer systems. Curve A in Fig. 
2 is drawn on the assumption that one proton com- 
bines with a univalent glycerol acceptor to form the 
inactive complex, for example: 


F + H+ = FH 
F+Gz=FGé (2) 


where F is the facilitator in the form capable of 

accepting a glycerol molecule G, FH* is the inactive 

form, and FG is the glycerol-facilitator complex, 

which diffuses across the membrane. Curve B in 

Fig. 2 is drawn on the assumption that two protons 

are required to inactivate the glycerol-transferring 
system thus: 

F + H+ = FH* (1) 

FH* + H+ = FH,*+ (3) 

FH,**+ = inactive form (4) 

F+G=2FG@ (2) 

Clearly, it is this latter formulation that accords with 

the experimental results. 

(6) Copper ions inhibit the glycerol facilitator. In 
Fig. 3. a plot of 1/t} against pM is presented. The 
free metal ion concentration was maintained with 
lysine as the metal buffer, using the copper di-lysine, 
lysine equilibrium. (The methodology of such di- 
ligand buffers will be presented elsewhere.) Again 
eurve A is drawn for the metal equilibrium analogous 
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Fig. 2. Proton inhibition of the glycerol facilitator. Solid circles. 
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to equations (1) and (2) involving a single copper ion, 
while curve B is drawn on the assumption that two 
copper ions are required to produce inhibition. Again 
the bivalent nature of the facilitator is manifest. 

(c) Both these experimental procedures are mute, 
however, as to the number of glycerol molecules 
present in the glycerol-facilitator complex. To 
investigate this, the activity of the system as a 
function of glycerol concentration was investigated. 
Red cells were equilibrated in successively increasing 
concentrations of glycerol and, after equilibration, a 
further quantity of glycerol, the same in each experi- 
ment, was injected into the suspension, and the optical 
density changes recorded. A theoretical analysis 
of the changes of cell volume with time in these 
conditions gave the following results: 

The penetration of diethylene glycol, a molecule 
for which there is no reason to suspect that a facilit- 
ated diffusion system exists, is, at low concentrations, 
in very fair accord with the theory for penetration 
by simple diffusion. Somewhat surprisingly, the 
results for the penetration of glycerol also accord with 
simple diffusion theory. If, on the other hand, the 
theory for penetration by binding with a univalent 
carrier (equation (2)) is applied to the data for 
glycerol penetration, the absurd result is obtained 
that the dissociation constant of the carrier-glycerol 
complex is large and negative, that is, there is no 
affinity between glycerol and the membrane carrier. 
if, however, the bivalent theory is applied according 
to the equilibrium: 


F+G=fFG (2) 
FG+G=F6, 


where FG, is the penetrating species, good aceord is 
obtained below 1-3 M glycerol and an affinity con- 
stant of reasonable magnitude obtained. 

The affinity constant for the first stage in the forma- 
tion of the bivalent complex, that is, the interaction 
of single glycerol molecules with the acceptor sites 
according to equation (2) can be derived and is found 
to be 1:0 M. (The significance of this value will be 
discussed under postulate 3). 

Thus it would appear that glycerol penetrates either 
by simple diffusion or by interaction with a bivalent 
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acceptor, the results excluding the univalent acceptor 
model. But penetration by simple diffusion can also 
be excluded since glycerol penetration, but not that 
of diethylene glycol, is inhibited by protons (Fig. 2), 
by metal ions (Fig. 3), by substrate analogues 
(Fig. 4) and by a variety of other agents*. (See 
also an earlier paper’ using a somewhat different 
experimental approach, where saturation of a mem- 
brane acceptor by glycerol could be demonstrated.) 
Thus the kinetic data demand that the facilitated 
diffusion system is bivalent towards the substrate 
glycerol as well as towards the inhibitors H- and 
Cut. 
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Fig. 4. Inhibition and meta-inhibition by 1,3-dihydroxypropane. 
Glycerol concentration fixed at 0-1 M, glycol concentration 0-1 M 
(abscissa) 

Postulate 2. Dimer formation leads to an increased 
rate of penetration. The glycol 1,3-dihydroxypropane 
(or 103) is a competitive inhibitor of the glycerol 
facilitator. At a concentration of 0-01 M 103 (equal 
to one-tenth that of the glycerol added), the rate of 
entry of glycerol is inhibited by 50 per cent. But as 
the concentration of 103 is increased, the degree of 
inhibition passes through a maximum and then 
decreases again until at 1 MW 103 the system is only 
20 per cent inhibited (Fig. 4). This falling-off in the 
effectiveness of an inhibitor at high concentrations of 
inhibitor, or ‘meta-inhibition’, has here proved 
difficult to interpret, until now. However, let us 
suppose that glycerol and the glycol in the bulk of 
the solution interact as in Fig. le to form a dimer, 
albeit to a very slight extent. Then this com- 
plex will have a greatly increased rate of penetra- 
tion across the membrane, as it has only one free 
hydrogen-bonding site available for binding to the 
water. On this view, then, meta-inhibition should 
bear no relation to the facilitated diffusion system. 
In fact, at concentrations of copper ions sufficient 
to block facilitated glycerol transfer completely, 
addition of 103 appears to restore the rapid transfer 
rate, and the same can be shown for hydrogen-ion 
inhibited cell preparations. Even more striking are 
the experiments using bovine blood. The bovine 
erythrocyte lacks the facilitated diffusion system for 
glycerol. However, if to a suspension of bovine red 
cells is added 0-5 M 103, there is a dramatic increase 
in the rate of transfer of glycerol and at a level of 1 M 
103 beef red cells are, so far as their glycerol perm- 
eability is concerned, indistinguishable from normal 
human red cells (Fig. 5). 103 can, therefore, act as a 
membrane carrier for glycerol in both bovine cells 
and in inhibited human red cells. 

Postulate 3. The properties of the glycerol-binding 


site require no improbable assumptions as to energetics. 
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Fig. 5. Permeability of bovine erythrocytes to glycerol in th 
absence and presence of 1,3-dihydroxypropane. These are tracings 
of the experimental records of the optical density changes. A; 
A, asuspension of bovine erythrocytes is added; and at B, glycero} 
injected to give a final concentration of 0-1 M. At C, the solution 
is changed and replaced by bovine erythrocytes equilibrated jp 
1 M 1,3-dihydroxypropane. At D, glycerol to 0-1 M is injected 
into this suspension 


Direct experimental studies of glycerol dimer forma. 
tion in dilute aqueous solutions are lacking. However, 
an estimate of the probable extent of dimer formation 
can be reached by considering the competition 
between water molecules and glycol molecules for 
each other according to the equilibrium: 


AW + BW =AB + W, (6 


where A and B are hydrogen-bonding molecules inter. 
acting with water W to form AW and BW, and with 
each other te form AB. W, is the water dimer. 
Assume that all the hydrogen bonds AW. BW, AB 
and WW are equivalent and that only hydrogen 
bonds are concerned in the equilibrium. We can then 
apply the law of mass action to the equilibrium (6). 
and show that for a glycol concentration of 1 M and 
glycerol at 0-1 M, the extent of dimer formation (of 
the type of Fig. lc) is some 0-1 per cent of the glycerol 
molecules. Now, a monohydroxy compound, such 
as in le, would be expected to penetrate the mem- 
brane about 10* times as fast as glycerol (ref. 6). 
Thus the increase in glycerol permeability in 1 M 
glycol should be then about 10 x 10-3 = 10-fold. 
In fact, at 1 M 103, glycerol penetration into bovine 
erythrocytes is speeded up some fifty-fold. This 
discrepancy between these two figures is not excessive 
considering the very drastic assumptions made in 
applying the law of mass action to equation (6). 
(In particular, the contribution to dimer formation 
by —CH, . . . CH,— interaction has been ignored.) 
By similar arguments, it can be shown that to account 
for the experimentally observed value (1-0 M at 
20° C.) of the affinity constant of single glycerol 
molecules for the binding site, 1,500 cal./mole of free 
energy must arise from binding other than at the 
hydroxyl group. This is a satisfactory figure for 
the interaction of 2 or 3 of the CH— residues of 
glycerol with hydrophobic sites on the glycerol 
acceptor. 

We have seen then that interaction between 
glycerol and 1,2-dihydroxypropane, a molecule which 


can form dimers with glycerol, leads to a great increase | 


in the rate of penetration of glycerol across the bovine 
erythrocyte membrane and that the extent of this 
increase is consistent with the extent of dimer forma- 
tion to be expected in such solutions. Also, during 
the transfer of glycerol by the facilitated diffusion 
system across the human erythrocyte membrane, two 
glycerol molecules are bound at each acceptor site 
to form the penetrating complex. Finally, estimates 
of the energy of such interactions show that the 
degree of concentration of the glycerol molecules 
required for the system to operate is not beyond 
the capacity of a simple enzyme-like binding site. 
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The results strongly suggest, therefore, that the 
facilitated diffusion of glycerol occurs as a result of 
dimer formation between pairs of glycerol molecules 
hound at acceptor sites in the erythrocyte membrane. 

It will be of interest to investigate whether this 
model can be applied more generally so as to include 
other facilitated diffusion systems. 

I should like to thank Prof. J. F. Danielli (of 
King’s College, London, where this work was com- 
menced), and Prof. F. J. W. Roughton (of the 
Department of Colloid Science, Cambridge), for 
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for this work. Dr. D. A. Haydon and Dr. J. C. 
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SOLUBILITY OF DENATURED HAMOGLOBIN VARIANTS IN ACID BUFFERS 
By |. D. FRASER and Dr. A. B. RAPER 


Pathology Department, Royal Infirmary, Bristol 


HEN methanol-fixed smears of human cord 

blood are exposed for 90 sec. at 37° C. to a 
0-17 M phosphate—citrate buffer, washed, and after- 
wards stained with a Romanowsky dye, the degree 
of eosinophilic staining of individual erythrocytes 
varies from a negligible amount (‘ghosts’) to full 
coloration!. Erythrocytes in the blood of adults all 
appear as ‘ghosts’, and it is assumed that the fully 
coloured cells in cord blood are of foetal type. It 
has not been proved that the retention of staining 
properties is in fact an expression of the insolubility 
of foetal hemoglobin (F) in the acid buffer, but we 
have obtained indirect evidence that this is so, and 
that the process allows a visualization of the hemo- 
globin F present in individual cells. 

The differential staining effect can only be obtained 
after denaturation of the hemoglobin, either by 
methanol, acetone or heat. 
We therefore tested the solu- 
bility of hemoglobins A and 
F, after acetone denatura- 
tion, in two ways: (a) after 
partial separation of a 1:1 
mixture of hemoglobins A 
and F by electrophoresis on 
3 MM Whatman filter paper 
at pH 8-6, followed by im- 
mersion of the strip in ace- 
tone; (6) after precipitating 
a hemolysate of cord blood 
with acetone. In the former 
case, immersion of the strip 
in the acid buffer for 2 hr. 
caused elution of most of the 
more anodically situated 
hemoglobin (largely A), leav- 
ing the remainder (mostly 
hemoglobin F) undissolved. 
In the second case, com- 
plete solution of 10 mgm. of 
denatured hemoglobin A 
could be obtained in 10 ml. of 
the acid buffer, while with 10 
mgm. of denatured hzemo- 
globin obtained from a cord 
blood hemolysate containing 
32 per cent of haemoglobin A, 
only 28 per cent of the hemo- 


Fig. 3 


wer-a, 





globin was soluble in 10 ml. of acid buffer. Details of 
these experiments will be given later, but their results 
allowed us to proceed to investigate the distribution 
of hemoglobin fF’ in the erythrocytes of subjects with 
thalasszemia. 

In smears from subjects with thalassemia major, 
all the erythrocytes retained their hemoglobin 
staining properties, reacting exactly as foetal cells do 
(Fig. 1), when due allowance is made for the reduced 
thickness of many of the cells. In thalassemia minor 
subjects in whom there was a measurable amount of 
hemoglobin F, there was partial retention of hemo- 
globin staining, and the degree of this did not vary 
from cell to cell (Fig. 2). This homogeneous picture 
was quite different from that given by cord blood 
or the blood of neonates. We interpret this as indi- 
cating that beyond the age of infancy hemoglobins F 


eg’ Be 


Fig. 4 


Methanol-fixed blood smears, exposed to phosphate-citrate buffer at pH 3-4, and afterwards 
stained by May-Griinwald stain. (1) Thalassemia major. (2) Thalassemia minor. (3) Hemo- 


globin S/C disease. (4) Sickle-cell trait 
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and A must be synthesized together in each erythro- 
cyte precursor. This double synthesis must occur 
in the marrow, the only erythropoietic organ in 
subjects with thalassemia minor; and although 
there may be some extramedullary erythropoiesis 
in the case of thalassemia major, exactly the same 
double synthesis must occur in other sites as in 
the marrow, since only one sort of cell appears in the 
blood. 

It must be mentioned, however, that the proportion 
of ‘insoluble’ hemoglobin retained in the erythrocytes 
from subjects of thalassemia minor appeared exces- 
sive in relation to the low hemoglobin F content of 
hemolysates from these subjects. It is possible, 
therefore, that a part of their hemoglobin A, though 
reacting ncvmally to electrophoresis and alkali 
denaturation, may in fact be an aberrant molecular 
species, as postulated by Ingram and Stretton*®. Some 
support for this is provided by the findings in con- 
genital spherocytosis, where with proportions of 
hemoglobin F in the same low range as in thalassemia 
minor, there was no retention of hemoglobin in the 
erythrocytes. 

It was of interest to discover whether other 
hemoglobin variants could be visualized in the same 
way as hemoglobin F. Blood smears from subjects 
with various hemoglobinopathies were submitted 
to the acid-lysis test, using buffers of several pH 
values. The results are shown in Table 1. 

Where hemoglobins F and A oceur together, there 
was retention of hemoglobin in the cells, and the 
degree of retention was roughly proportional to the 
amount of hemoglobin F’, with the exception, already 
noticed, of thalassemia minor. The retention of 
hemoglobin in the erythrocytes of a subject displaying 
hemoglobin H is complicated by the facts that some 
hemoglobin F was present, and that such persons 
are heterozygous for the thalassemia gene. Hzmo- 
globins C and D are indistinguishable in their reaction 
from hemoglobin A, while hemoglobin E appears to 
be less soluble than hemoglobin A. In the case of a 
subject with hemoglobin S/C disease, every cell 
appeared to have retained about half its comple- 
ment of hemoglobin (Fig. 3). Since hemoglobin C 
has been shown to be eluted from the cells of a 
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RETENTION OF H&MOGLOBIN VARIANTS IN FIXED ERYTHRO- 
CYTES EXPOSED TO ACID BUFFERS 


Vou. 191 


Table 1. 








Retention of hemo- 


Cells containing Proportion of | globin in erythrocytes 





hemoglobins hemoglobin F treated at pH: 
(per cent) 3-4 3-0 2-0 
A <1 0 0 0 
F+A Os +++ ++ 
(16-week foetus) 
F+A 70 ++ - 0 
(thalassemia major) 
A+F 2:7-3°5 - 
(thalassemia minor) 
A+F 3°3-3-5 0 0 0 
(congenital spherocytosis) 
S+F 8-17 ++ ++ 0 
(sickle-cell anwmia) 
A + S (30-45 per cent) <i] ++ 0 0 
(sickle-cell trait) 
C + S (50 per cent) + 0 0 
A + C (40 per cent) <1 0 0 0 
A + D (45 per cent) <1 0 0 0 
A + E (30 per cent) 1 + 0 0 
A + H (15 per cent) 3 ++ 0 0 
+++, complete retention; almost complete retention: 


++, 
+, about 50 per cent retention; + 
0, no retention. 


hemoglobin C trait carrier (AC), the insoluble fraction 
was presumed to be hemoglobin S. Yet when the 
test was applied to sickle-cell trait (AS) subjects, 
carrying less hemoglobin S than occurs in hemoglobin 
S/C disease, almost the whole of the hemoglobin 
appeared to be retained in every cell at pH 3-4 
(Fig. 4) though all was eluted at pH 3-0. In sickle-cell 
anemia the retention was even greater, being evident 
at pH 3-0. Some part of the retention in the latter 
case might be ascribed to the small amount of 
hemoglobin F present, but this will not suffice to 
explain the difference between the A + S and the 
S + C subjects. We assume that either in its native 
state, or more probably during methanol denatura- 
tion, hemoglobin S forms an insoluble complex with 
hemoglobin A but not with hemoglobin C. 

We acknowledge receipt of specimens generously 
sent by Drs. E. R. Huehns, D. Stansfield, J. A. M. 
Ager, D. Speed and H. Lehmann. 


+ Kleihauer, E., Braun, H., and Betke, K., Klin. Woch., 35, 637 (1957). 
* Ingram, V. M., and Stretton, A. O. W., Nature, 184, 1903 (1959). 


THYROGLOBULIN 
By Dr. A. D. LITONJUA* 


Thyroid Laboratory, Massachusetts General Hospital, Boston, 14 


Effect of Acid 


DELHOCH has shown that alkali produces new 
sedimentable species of thyroglobulin which 
are smaller in molecular weight than the original 
material’. It was of interest, therefore, to find out 

if acid media produce the same dissociation effect. 
Thvroglobulin was prepared in 1 per cent concen- 
trat on in three buffer solutions according to a method 
in ref. 2: (1) 0-1 M phosphate buffer at pH 8-0; 
(2) 0-25 M acetate buffer at pH 3-5; and (3) 0-1 M 
hydrochloric acid—potassium chloride buffer at pH 
1-5. Aliquots of each of these preparations were 
examined in the Spinco model £ ultracentrifuge. 
Viscosity measurements were made in an Ostwald 
viscometer using standard procedures and calcula- 
* Fellow, China Medical Board of New York, Inc. Permanent 


address: Department of Physiology, College of Medicine, University 
of the Philippines, Manila, Philippines. 


tions for intrinsic viscosities (yi), expressed*¢ in 
centipoises per gm. thyroglobulin (ni/c.). Experi- 
mental temperature was 25° C. 

The difference in the intrinsic viscosities of thyro- 
globulin at pH 8-0 and pH 3-5 was less than that at 
pH 8-0 and pH 1-5 (Fig. 1). Precipitation work to be 
described elsewhere showed the pH 3-5 preparation 
to be 50-60 per cent denatured, whereas pH 1:5 
thyroglobulin was completely denatured. The latter 
result could account for the great difference in 
viscosity of the pH 1-5 material from either of the 
two preparations. 

At pH 8-0, thyroglobulin showed three components. 
whereas two boundaries were evident at lower pH 
(Fig. 2). Molecular weight calculations using sedi- 
mentation values and viscosities of the different 
thyroglobulin preparations were made. The partial 
specific volume for thyroglobulin was taken as 
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Thyroglobulin (gm./100 ml.) 
Fig. 1 





(A) (B) 
Fig. 2. Ultracentrifugal patterns of thyroglobulin. Direction of 
migration from left. All proteins, 1 per cent concentration. 


(4) Duration of spin, about 90 min. Thyroglobulin in 0-1 M 
phosphate buffer, pH 8-0. (B) Duration of spin, 47 min. Upper, 


thyroglobulin in 0-25 M acetate buffer, pH 3-5; lower, thyro- 
globulin in 0-1 M hydrochloric acid—potassium chloride buffer, 
pH 1-5 


0-714 (ref. 1). Table 1 summarizes the different 
results obtained, together with the relative concen- 
trations of each component derived from the areas 
under the peaks. At pH 3-5, a species. which was 
approximately one-half the molecular weight of the 
Sao = 14:7 component of pH 8-0 thyroglobulin, 
was formed. The same finding was apparent at 
pH 1-5. The relative concentrations of the sediment- 
able components at pH 3-5 and pH 1-5 are approxim- 
ately the same, so the S.o,.. = 8-0 or 8-3 components 
could not be denatured forms of thyroglobulin. It 
could be more plausible to explain these forms as 
arising from a dissociation phenomenon analogous 
to that observed by Edelhoch!. 


Table 1 
“ | Relative ? ar 
Ssovw concentration; Molecular 
(percent) | weight | 
Thyroglobulin, at: 
() pH 8-0 3:7 | 6 
147 86 690,000 | 
22-2 | 8 
| | 
(2) pH 3-5 | 8&3 | 76 317,000 
11-3 | 24 
(3) pH 1-5 8-0 65 336,000 
| 11-6 35 
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Evidence of Thyroid Protease Action 


A MATERIAL rich in proteolytic activity against 
hemoglobin can be obtained from thyroid glands by 
ammonium sulphate precipitation followed by 
methanol-sodium chloride fractionation’. However. 
this preparation is relatively ineffective against 
thyroglobulin®. Although an alternative method of 
thyroid protease preparation by acetone fractionation’ 
provides substantial improvements in the yield and 
purity of the proteolytic activity against hemoglobin. 
the activity against thyroglobulin is not affected. 
nor does treatment of the substrate by urea improve 
this activity. In previous work, the methods used 
for following proteolysis were those aimed at the 
detection of small peptide fragments or the known 
iodinated thyroid hormones. If, however, the main 
action of thyroid protease is to hydrolyse only a few 
crucial bonds in thyroglobulin, thus enabling other 
enzymes to act, then it is rather easy to see why these 
methods depict the enzyme as relatively ineffective 
against thyroglobulin. This report provides evidence 
for the premise. 

Sheep thyroglobulin, prepared according to the 
method in ref. 2, was dissolved in 1 per cent concen- 
tration in either 0-1 MW phosphate buffer at pH 7-0 
or in 0-25 M acetate buffer at pH 3-5. The upper 
curve in Fig. 3A and the lower curve in Fig. 3C 
show the ultracentrifugal patterns of each thyro- 
globulin preparation. Thyroid protease showed 
one peak in either buffer (Fig. 3A. lower and Fig. 3C, 
upper). 

After 2- and 6-hr. incubation at 37° C. in the 
Dubnoff shaker, aliquots of the pH 3-5 thyroglobulin 
and pH 7 thyroglobulin, each incubated with thyroid 
protease, were removed for examination in the Spinco 
model FE ultracentrifuge and for viscosity investiga- 
tion using standard procedures*¢. Fig. 3B shows no 
change in the ultracentrifugal patterns of the pH 7-0 
thyroglobulin hydrolysate. However, marked altera- 
tions were seen in pH 3-5 thyroglobulin (Fig. 3, D 
and E). 

Molecular weights can be determined from the 
sedimentation constants and viscosities. The 


Table 2 


Com- 
position Intrinsic | Approx- | 
Sao-w (relative viscosity imate | 
percent- (centi- molecular 
age) | poises) weight 
ceieniatiieasti — — neni Ainininasiagel kannst 
I. At pH 3-0 | 
i. Thyroglobulin, 37 6 0-1299 
control 14:7 86 690,000 
22-2 9 
2. Thyroid pro- 
| tease control 3-02 - - - 
3. 2-hr. hydro- 2-9 36 0-1778 
lysate (protease?) 
13-83 > 5€ 680,000 
20-70 <18 
4. 6-hr. hydro- 3-02 $2 0-1341 
lysate (protease?) | | 
13°83 > 61 720,000 | 
20°30 “2 7 
Il. At pH 3-5 
| 1. Thyroglobulin, 8:3 76 0-1626 317,000 
control 11-3 24 
2. Thy roid pro- 2-51 — —_ 
tease, control | 
3. 2-hr. hydro- 1-96 > 52 01152 29,000 | 
lysate 17-44 < 48 
4. 6-hr. hydro- 1-42 > 52 0-0954 1,500 
lysate 15-48 < 48 | 
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(A) (B) (Cc) 


Fig. 3. 


105 min. 


95 min. 


Ultracentrifuge patterns. Centrifugation at 56,200 r.p.m. 
Upper, thyroglobulin in 0-1 M phosphate buffer, pH 8-0; lower, thyroid protease in same buffer. 
2 hr. thyroglobulin hydrolysate in 0-1 M phosphate buffer, pH 8-0; lower, 6-hr. hydrolysate, same buffer. 
Upper, thyroid protease in 0-25 M acetate buffer, pH 3-5; lower. thyroglobulin in same buffer. 
27 min. Upper, 2-hr. thyroglobulin hydrolysate in 0-25 M acetate buffer, pH 3-5.; lower, 6-hr. hydrolysate. 
Upper, 2-hr. hydrolysate of pH 3-5 material; lower, 6-hr. hydrolysate. 


(DPD) } 


Direction of migration from left. (4A) Duration of spin, 104 min. 
(B) Duration of spin, 90 min. Upper, 
(C) Duration of spin, 
(D) Duration of spin, 
(EZ) Duration of spin, 
Faster moving component not visible in field at this 


point 


viscosity measurements in this work were made on 
heterogeneous preparations, hence the calculated 
viscosity was the sum of viscosities of each com- 
ponent in the preparation. It was felt that this 
method, while not precisely accurate for molecular 
weight determinations, could give an approximation 
of what happened to the major component of the 
thyroglobulin preparation. As Table 2 shows, when 
no action of the enzyme was evident, the calculated 
molecular weight of the main thyroglobulin peak 
remained within the value of the control. The value 
of 0-714 was used as the partial specific volume of 
thyroglobulin'. Table 2 shows more than 50 per 
cent of pH 3-5 thyroglobulin reduced in a 2-hr. 
incubation to a component having a molecular weight 
less than one-tenth of the control. A further degrada- 
tion occurred with progression of the incubation 
period. 

With these observations and other work, it is 
postulated that thyroid protease exerts a ‘priming’ 


action on thyroglobulin by breaking it down into 
small polypeptide fragments. The formation after- 
wards of the thyroid hormones could take place as 
the result of such processes as the action of thyroid 
peptidases, action of serum peptidases, or reversal 
of biosynthetic pathways. 

I wish to express my gratitude to Drs. M. J. Spiro 
and J. B. Stanbury for their advice and helpful 
suggestions. 

This work was supported in part by Grant A-1886 
of the U.S. Public Health Service. 
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CORRELATION BETWEEN GROWTH-RATE OF THE SUCKLING 
OF VARIOUS SPECIES AND THE PERCENTAGE OF TOTAL 
CALORIES FROM PROTEIN IN THE MILK 


By Dr. F. W. BERNHART 


Wyeth Institute for Medical Research, Radnor, Pennsylvania 


UNGE! proposed that there is a direct correlation 

between the growth-rate of the sucklings of 
several species (expressed as the number of days 
required for doubling the birth-weight) and the 
percentages of protein and ash in the fluid milk. 

As a normal animal ingests only the amount of 
food necessary to satisfy the caloric requirement, 
maximal growth will] occur only if this intake contains 
an adequate amount of protein (and all other nutri- 
tionally essential materials as well) for metabolic 
needs and for formation of new tissue. Powers* 


pointed out that as the requirement for calories 
determines intake of food, the percentage of total 


calories derived from protein is a better measure 
of the protein content of milk. 

Using the percentage of total calories from protein 
as the criterion of protein content of milk. Powers* 
concluded that there is no correlation between the 
rate of growth of the suckling and the protein content. 
Brodie* concluded ‘‘that the situation is too complex 
for simple generalization although speed of growth, 
composition and physiological age are important 
factors in determining the evolutionary trend of 
milk composition’’. 

Available data indicate that there is an inverse 
linear correlation between the percentage of total 
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Fig. 1. The correlation between the percentage of total calories 


from protein and the number of days required to double the birth- 
weight. The formula of the line fitted by method of least squares 
is y = 41 — 16-5 log z (data for cow not included) 


calories supplied by protein in the milk and the 
logarithm cf the number of days required to double 
the birth-weight of several species. The results for 
all species for which presumably reliable estimates 
of both var:ables have been found are listed in Table 
1. A plot based on these results is shown in Fig. 1. 
Early growth tends to follow the first-order reaction- 

rate‘: 

dw 

dt 
where IV ix weight; ¢ is time; A is first-order reac- 
tion-constant from which the following expression 


= KW 


mav be derived: 
, 0-693 
t, 
where ¢, is days required to double the birth-weight. 

The correlation between the log of K_ versus 
percentage calories from protein is positive and linear. 

The caloric contents were calculated, using the 
factors 9, 4 and 4 cal./gm. for fat, protein and carbo- 
hydrate. Values for the time required for doubling 
the birth-weight were selected from work in which. 
so far as possible, optimal conditions were main- 
tained. The values listed are considered to be the 
average for different varieties of a species. 

The results indicate that the same relationship 
between protein supplied by the milk and rate of 
growth of various species is also true in man. The 
cow, however, appears to be an exception. In this 
species the percentage calories supplied by the protein 
of the milk is considerably greater than would be 
expected from the growth-rate. An excess of milk 
protein in relation to growth-rate is present, to a 
lesser extent. in the horse and buffalo. These three 
animals are herbivores with relatively slow growth- 
rates. A possible expianation for the excess of 
protein in their milks is that the food of the sucklings 
is also forage. and the higher protein content of the 
milk compensates for the lower protein content of 
the forage. 

The elephant, not listed in Table 1, is of particular 
interest. Elephant milk has about the same protein 
content as human milk (7 per cent of calories)’, but 
no exact information on rate of growth could be 


A = 
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found. The Indian elephant is weaned at 4-5 years, 
puberty occurs at 14-15 years in the male and first 
calving at 15-16 years; full maturity is reached at 
the age of 40 and the life-span ranges up to 75 years. 
These similarities to man indicate that the elephant 
and human beings may have, during early life, 
similar rates of growth, predictable from the 
similar low protein content of the milk of these 
species. 

Table 1. PERCENTAGE OF CALORIES FROM PROTEIN IN THE MILK 
AND GROWTH-RATE (EXPRESSED AS DAYS REQUIRED TO DOUBLE 

BIRTH-WEIGHT) OF VARIOUS SPECIES 





Total calories Days to 








Species from protein Refs. double birth- Refs. 
(per cent) weight 
Man 7 11 125 
Buffalo 5 12 48 
Reindeer j i2 31 
Horse i 33 
Goat 11 20 
Cow 11 50 
Sheep i2 15 
Pig 13 9 
Dog 14 8 
Rabbit 28 15 6 
Rat 28 16 5 
Cat 29 15, 2 7 





According to Brodie* the speed of growth is an 
important factor in determining the evolutionary 
trend of milk composition rather than milk composi- 
tion having a role in determining the growth-rate. 
That the protein content of milk is not the factor 
limiting the rate of growth was pointed out by 
Minot’, as increasing the protein intake above that 
supplied by the milk has not been shown to cause an 
increase in the rate of growth. The only results 
have been obtained from human studies. The 
growth-curves of breast-fed infants during the period 
required to double the birth-weight*® were practically 
identical to those obtained in an earlier investigation 
at the same location with a large number of infants 
preponderantly fed cow’s milk formule supplying 
2-3 times as much protein’. 

A rough approximation of the amount of protein 
supplied by milk in relation to needs of the suckling 
may be made by comparing the protein intake from 
milk with the protein requirement after weaning. 
The results in Table 2 indicate that the protein 
requirement of the weanlings of various species for 
optimal growth is about half the amount of protein 
supplied by the milk. A larger amount of protein 
supplied by milk, as compared with the dietary re- 
quirement after weaning, is necessary for the rapid rate 
of growth after birth in comparison with the markedly 
slower growth-rate after weaning’. In man, require- 
ment for protein per kgm. body-weight after birth 
is 1-9 times the requirement at 6 months’. 

Table 2. COMPARISON OF THE PERCENTAGE OF CALORIES FROM 
PROTEIN IN MILKS WITH wes ns FOR OPTIMAL GROWTH AFTER 


Calories from protein 
(per cent) 


Species Post- Ratio Source of Refs. 
In milk weaning protein 
(1) require- 
ment (2) 
Man 7-2 4-4 0-61 Cow’s milk 9 
Pig 23 12 0-52 Cow’s milk 23 
Dog 25 17 0-68 Corn, yeast, 24 
casein 
Rat 28 15 O-54 Casein plus 25 
0-5 per cent 
methionine 
Cat 29 19 0-66 Casein 26 
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These results indicate that generally the milks 
of the various species supply an amount of protein 
adequate for maximal growth but not much more. 

The advantage of the evolutionary development of 
a milk composition which supplies enough protein 
for maximal growth of the offspring is evident. 
Nature’s conservatism in limiting protein to the 
suckling is undoubtedly of benefit to the mother. 
The strain of lactation would be increased if excess 
protein were excreted in the milk, in view of the 
mother’s limited stores of body protein and possible 
difficulties in obtaining an adequate protein intake 
to maintain positive nitrogen balance. 

It is also possible that an adequate, though limited, 
protein intake may be of benefit to the offspring as 
well. Holt?® has reviewed the recent literature on 
the effects of various protein-levels in the diet on 
body composition, enzyme-levels, effects of stresses, 
diseases and starvation and incidence of tumours. 
In several of these investigations diets supplying low 
or normal protein intake were found to be advantage- 
ous in comparison with those with higher amounts. 

At the present time there is disagreement about 
the most advantageous level of protein intake of 
artificially fed infants. Gyorgy*’?, a proponent of 
lower protein intakes for artificially fed infants, has 
used teleology as an argument; that is, there is a 
nutritional advantage associated with the low protein 
content of human milk because of purpose in Nature. 

This teleological argument is strengthened by the 
present work, which supports the point of view that 
the same relationship between protein intake and 
growth-rate found in most other species is also true 
in man. 
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TREATMENT OF HOPS (HUMULUS LUPULUS, L.) WITH 
GIBBERELLIC ACID 


Effect of Spraying with Gibberellic Acid on 
Yield and Composition 

ASH AND MULLANEY'? have described trials in 
N which hops were treated with various concentra- 
tions of gibberellic acid. The maximum effect was 
observed when the plants were sprayed at the time 
of burr formation and accordingly a large-scale trial 
was carried out in which the Australian commercial 
variety Pride of Ringwood was sprayed with 12-5 
p-p.m. of the potassium salt of gibberellic acid at this 
time. At harvest, the yield of the treated hops was 
39 per cent higher than that of the controls, but on 
analysis the treated hops contained only 1-8 per cent 
of «-acid on which the brewing value largely depends, 
as compared with 10-2 per cent of «-acids in the 
controls. The overall yield of useful material for 
brewing was therefore depressed considerably by the 
treatment. It appeared possible, however, that the 
treated hops might have appeared ripe prematurely 
and that if they had been left in the field longer the 
resin content might have risen to the same level as 
that found in the controls. 

The results reported here are of a similar field trial 
conducted under English conditions, using the variety 
Bullion (Q43). Samples were taken throughout the 
ripening period until resin synthesis was demonstrably 
complete. Twenty-five hills of two-year-old plants 
of the variety Bullion grown in the Withersdane 


Garden, Wye College, were sprayed with a solution 
containing 12-5 p.p.m. of the potassium salt of 
gibberellic acid on July 19, 1960, at which time the 
majority of the stigmas of the female plants were 
about } in. long. Twenty-five similar hills served as 
the controls. Within a week of application the treated 
plants showed differences from the controls in their 
growth and development. The new leaves were 
noticeably paler green and the laterals were longer 
with more extended internodes. Furthermore, the 
cones in the treated plants developed more rapidly 
than those of the untreated plants, with the result 
that, 15 days after spraying, the dry weight per 100 
cones of the treated hops was 4-32 gm. compared with 
1-40 gm. with the controls. A summary of the 
analytical data obtained with these and later samples 
are given in Table 1. With the immature samples 
the normal methods of analysis for «-acid were 
insufficiently sensitive, but when the resin obtained 
from these hops was examined by ion-exchange 
chromatography? the presence of «-acids in the treated 
hops and their absence in the controls was clearly 
demonstrated. At the time of the second sampling 
(August 17, 1960), the visual difference between the 
treated and control samples had largely disappeared. 
but the treated hops still contained more resin and 
a-acids than the controls. Both samples contained 
a trace of steam-volatile oil, though when this was 
examined by gas chromatography none of the com- 
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ponents of the essential oil of mature hops could be 
detected. At the third sampling (August 31, 1960), 
resin synthesis in both treated and control samples 
appeared to be complete. On the other hand, the 
essential oils continued to be synthesized until 
harvest (September 29, 1960), a point which has not 
emerged from earlier investigations. 
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Table 1. ANALYSIS OF CONTROL HOPS AND THOSE SPRAYED WITH 
GIBBERELLIC ACID (AFTER KILNING) 
’ | : 
Total a-Acid 
Date Days Nature soft polari- Essen- 
Sample of after of resin | metric tial 
sam- spray- | sample (percent)|(percent)| oil (per 
pling ing (ref. 3) | (ref. 3) | cent) 
1 4.8.60 16 Control 1:3 0-00* —- 
Treated 17 | 0-05* — 
2 17-860 29 Control 13 | 0-04* 0-03 
Treated 3:3 0-27 * 0-025 
3 31.8.60 43 Control 13-8 , 0-42 | 
Treated 13-8 0-38 
4 14.9.60 57 Control | 13-3 0-65 
| Treated 13-5 | 0-78 | 
5 29°9-60 72 Control 13-6 0-86 
Treated 13:7 1-00 








* By ion-exchange chromatography (ref. 2). 


At harvest the control hops yielded 3-25 Ib. of green 
hops per bine while the treated hops only gave 
2-59 Ib. of green hops per bine. Both groups con- 
tained the same percentage of dry matter (23-3 per 
cent). soft resin, and a«-acid. These results are there- 
fore in complete contrast to those of Nash and 
Mullaney. The differences in the results of the 
Australian and British investigations cannot as yet 
be accounted for with certainty, but may be due to 
varietal or perhaps climatic conditions. For example, 
during the period of this trial 10-22 in. of rain were 
recorded at Wye, compared with a 25-year average 
value for this period of 7-27 in. The hours of sunshine 
per day and the mean temperature were also lower 
than the 25-year average. In view of these cireum- 
stances it is desirable to repeat the trial during at 
least one further year and the results of the more 
extended investigations will be reported in full detail 
later. Nevertheless, the present results are of interest 
in establishing that the earlier Australian results do 
not necessarily reflect a general effect. 
We thank Dr. A. H. Cook, Dr. H. 8. Darling and 
Dr. G. Harris for their interest and advice in these 
investigations. 
R. STEVENS 

Brewing Industry Research Foundation, 

Nutfield, Surrey. 
J. B. ROBERTS 
I. H. WrtraMs 
Department of Hop Research, 
Wye College (University of London), 
Near Ashford, Kent. 

* Nash, A. S., and Mullaney, P. D., Nature, 185, 25 (1960). 

* Howard, G. A., and Slater, C. A., J. Inst. Brew., 66, 305 (1960). 

* Weston, E. W., Rep. Dept. Hop Res. Wye Coll. for 1959, 35 (1960). 


Effect on Growth and Development 


GIBBERELLIC acid has been shown to increase 
markedly the rate of elongation and the length of 
internodes in many plants!. Several workers have 
shown that juvenile characteristics, notably leaf 
form, can be prolonged or induced using this sub- 
stance?-4, 

_ The rate of elongation of the hop during the vegeta- 
tive or spring phase of growth is very considerable 
for a temperate plant. Shoots appear above ground 
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Fig. 1. Leaf-form and internode-length 


in April and may reach a height of five metres by 
the end of the first week in June. Mature plants can 
sustain daily elongation rates of 8-10 em. during 
this period. The leaf-form of the earliest leaves is 
entire; those developing later show a transition from 
the simple to the three, five or seven lobed ‘adult’ 
form. In the course of a series of experiments it 
was decided to examine in the summer of 1958 the 
effect of gibberellic acid on shoot-growth and leaf- 
form during the vegetative phase. 

Vernalized’ seedlings were grown in a cool 
glasshouse. Treatment began immediately after 
the cotyledons had expanded. Gibberellic acid was 
applied, using a hand spray, at 5-day intervals at 
strengths of 1, 5 and 10 p.p.m. The treated seedlings 
elongated more rapidly initially, and the first two 
or three internodes were considerably longer than 
those of the controls. Thereafter the maximum 
internode-length of the treated plants did not exceed 
14 em. whereas the control plants developed succes- 
sively longer internodes which reached a@ maximum 
length of 26 cm. when the experiment was concluded. 
The rate of elongation declined in the treated plants 
so that their mean height was significantly less than 
the untreated plants at the end of the experiment. 
The number of nodes developed by the treated plants 
was, however, a third greater than the controls. 
The treated leaves remained entire whereas all the 
untreated plants developed the typical lobed leaves 
before the ninth pair (Fig. 1). 

It seems possible that the natural rate of elonga- 
tion of the hop shoot, after the first few internodes 
have developed, represents the maximum capacity 
of cell elongation in this plant. In this case gibberellic 
acid may have had a secondary effect in speeding 
up the rate of meristematic development shown by 
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the greater number of nodes which the treated plants 
developed. 

The treated plants had a larger total leaf area than 
the controls, but their leaves were chlorotic, being 
very pale green in colour. This may have indicated 
a lower photosynthetic capacity than the controls 
where the leaves were normal in colour, and may have 
been responsible for the gradual decline in the rate 
of elongation of the treated plants. 

From a fundamental point of view the present 


results are of some interest. but from a practical 
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point of view it has yet to be shown that gibberellic 
acid will be of use in the growth of this crop. 


TI. H. Wrecrams 

Department of Hop Research, . 

Wye College (University of London). 

Near Ashford, Kent. 

, Endeavour, 16, 161 (1957). 

J. Bot., 44, 743 (1957). * 

1097 (1958). 1 
‘ 


1557 (1959). 
Rep. Dept. Hop Res. 


' Brian, W 
* Robbins, W. J., 
* Njoku, E., Nature, 182, 

* Allsopp, A., Nature, 184, 
* Williams, [. H., 


Amer. 


Wye Coll. for 1957, LOS (1952) 


CHROMATOGRAPHIC INVESTIGATION OF THE METHYL 
ALCOHOL/CHLOROFORM-SOLUBLE CONSTITUENTS OF 
HONEYBEE LARVAL FOODS 


By N. G. PATEL, M. H. HAYDAK/iand R. LOVELL 


University of Minnesota, St. Paul, | 


"il ee lipid content of the food given to the queen 
larve (royal jelly: RJ) remains fairly constant 
during the time of the larval growth, while that of the 
food given to 3-5-day-old larve (modified drone and 
worker jelly: MDJ and MW. respectively) decreases 
considerably in comparison with the food of 1-2-day- 
old larve (drone and worker jelly: DJ and WJ)!?. 
Since the nutrition plays a decisive part in the differ- 
entiation of caste in the honeybee’, an investigation 
of any change* or heterogeneity® in the constituents 
of the larval food is important. 

The larval foods were collected and stored as 
reported earlier‘. In order to correlate the com- 
ponents contributed to the food by the glands, the 
hypopharyngeal, thoracic and mandibular glands were 
dissected from the freshly emerged bees and the 6-day 
post-emergence nurse-bees and placed in methyl 
aleohol/chloroform (1:2) and stored at — 40° C. 
with other larval food until further use. 

For the analysis, each sample of the larval food 
was thawed and stirred, and a 1-gm. aliquot with- 
drawn for extraction. The extraction was carried 
out at room temperature in an Erlenmeyer flask with 
20 ml. methyl aleohol/chloroform (1:2) mixture 
as the solvent and 20 min. stirring with the magnetic 
stirrer. The homogenate was filtered through a 
sintered-glass filter under suction. The process was 
repeated once with 10 ml. of the solvent mixture to 
assure complete extraction. Assays showed that close 
to 22 per cent of the material was extracted. The 
extraction of the glands was done by homogenizing 
them in the same solvent with the Potter-Elvehjem 
homogenizer and filtering through a 0-45u pore-size 
‘Millipore’ filter disk. 

The separation of the constituents was done by 


ascending chromatography using thin films of 
silicie acid on glass plates*. 50 ul. of the filtrate 


samples were analysed by using different proportions 
of methyl aleohol/chloroform. 29 per cent methyl 
alcohol in chloroform gave the best separation. 
After the solvent front had migrated about 7 in., the 
plates were removed and dried at room temperature. 
Fluorescent spots were observed under 3660 A. and 
2537 A. wave-length ultra-violet light. Following 


the ultra-violet observation, the replicated plates were 
treated respectively 
which included p-anisidine, 


with different colour reagents, 
ninhydrin, iron chloride, 


j 
iodine vapour and concentrated sulphuric acid at 
130° C. for half an hour. A composite representation 
of the various treatments is shown in Fig. 1 dri 
It is seen from Fig. 1 that there is considerable mig 


complexity of constituents in normal and modified spo 
jellies of all castes. Apparently there is no difference gla 
in the long-wave (faint spots) ultra-violet fluorescent p-a 
spots of young and old royal jellies (YRJ and ORJ). yl 
MDJ and MWJ are similar, but have one component —_¢ho 
less than DJ and WJ. YRJ and ORJ have one hy] 
fluorescent component more than DJ and WJ with cha 
similar migration pattern, while the pattern of the py 
MDJ and MWJ is different. These fluorescent spots  ;p,¢ 
could be of pteridine type as indicated by Remboldt pre 
and Hanser’. The one spot migrating to the top has | anc 
originated in the mandibular glands of the nurse- , 


ma 
bee and may be 10-OH-A-2-decenoie acid’. With 1 
the short ultra-violet light (dark spots), an additional tio, 


difference is seen in MDJ and MWJ as compared with yp 
other jellies. one 

The colour reactions also illustrate the complexity org 
involved and indicate from which gland a particular pe 
compound is contributed to different jellies. A gj 
positive reaction with iron chloride (a green spot , jy, 
turning yellow) is exhibited by YRJ, ORJ, MDJ, | je, 
MWJ and extracts from the hypopharyngeal gland: _ py, 











of nurse-bees ; it is not present in DJ and WJ. Ninhy- aj, 
in 
| i $3 bot 
40 
at 
TLL BPR S28 } 
4 1? *? Se alien ase ih | 
ane ! Be. wed atin 
LUORESCENCE  1000NE- aroun vec awsome «OVO ( 
Fig. 1. Ascending chromatographic separation of honeybee larval f 
foods and adult worker bee glands, revealed by various treatments 0 
on salicic acid plates ind 
7. young — jelly (YRJ); O, old royal jelly (ORJ); D, drone ex] 
ielly (DJ); D’, modified drone jelly (MDJ); W, worker jelly (WJ); x 
ye lded. worker jelly (MWJ); M, mandibular glands of nurse 
a M’, mandibular glands of emerged bees; P, hypopharyn- a. 
geal glands of nurse bees; T, thoracic glands of nurse bees Uni 
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cent methy! alcohol in chloroform. 


abbreviations as in Fig. 1 


drin- and p-anisidine-positive spots have similar 
migration patterns. The slower positive ninhydrin 
spots apparently originate in the hypopharyngeal 
glands of nurse-bees, while the migration of the 
p-anisidine-positive components from thoracic, mandi- 
bular and hypopharyngeal glands coincides with 
those fast-migrating spots of the jellies. The 
hypopharyngeal glands seem to contribute a larger 
share of p-anisidine-positive compounds. A prelimin- 
ary paper-chromatographic separation shows that all 
the jellies have glucose and fructose, and sucrose is 
present in YRJ,ORJ, DJ and WJ while absent in MDJ 
and MWJ. On the other hand, MDJ and M“WJ have 
maltose, which is absent in the rest of the samples. 

The iodine vapour treatment indicating unsatura- 
tion exhibits four spots with a similar pattern in 
YRJ, ORJ, DJ and WJ. while there are only two 
components in MDJ and MWJ. These chromato- 
grams were sprayed with concentrated sulphuric 
acid and heated to char the organic components 
(Fig. 2a). This treatment revealed other differences, 
but the resolution was not satisfactory. Better 
resolution was obtained by re-chromatography. 
Plates chromatographed with 29 per cent methyl 
alcohol in chloroform were divided into three as shown 
in Fig. 2a. The eluates from the top, middle and 
bottom sections were re-chromatographed in 5, 22 and 
40 per cent methyl] alcohol in chloroform, respectively. 
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Re-chromatographing of honeybee larval foods on silicic acid plates in different 
solvent systems. a, Solvent 29 per cent methyl alcohol in chloroform and sulphuric acid 
to char the constituents. The dotted line shows the divisions used for elution. 6, Sulphuric 
acid charring. Upper photograph, middle division of (a) developed in 22 per cent methyl] 
alcohol in chloroform; lower photograph, bottom division of (a) developed in 40 per 
c, Iodine vapour treatment before charring. 
and lower photographs correspond to upper and lower photographs of (b) 
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The top division did not reveal 
any significant qualitative 
differences as compared with 
the rest, which are shown in 
Fig. 2b. Quantitatively, the 
charring (Fig. 2a) in the top 
spots of YRJ, ORJ, DJ and 
WJ was at least twice that in 
MDJ and JWJ. This spot, 
as indicated earlier, may be 
10-OH- A-2-decenoic acid. The 
concentration of re-spotted 
eluates in Fig. 2b at the point 
of origin was three times greater 
than that used earlier. The 
charring of the redeveloped 
plates was followed after the 
iodine treatment (Fig. 2c), so 
that the unsaturation could be 
compared with it. It is evid- 
ent that the general pattern 
of the YRJ and ORJ remains 
the same and is not com- 
parable with that of other 
jellies ; however, there are some 
spots which are qualitatively 
similar though with quantitative differences. Un- 
saturation indicated by iodine vapour does not strictly 
correlate with the charring, particularly the slowly 
migrating components. This might be due to low 
concentrations of the components present and the 
amounts of reagents used to give coloured spots for 
visual observations. 

A comparative study of the qualitative and 
quantitative changes of the components in relation 
to the age and different castes is of profound interest 
and importance. As is shown in this preliminary 
work, the biochemistry of the larval foods is quite 
complex. This complexity in turn is passed over to 
the nutritional phase and the phenomenon of dimor- 
phism. The isolation, further characterization and 
incorporation of these biochemicals in a well-planned 
nutritional research investigation may help us to 
understand and control the formation of the queen 
and the workers. 
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NERVOUS AND BIOCHEMICAL DISTURBANCES FOLLOWING 
HEXACHLOROBENZENE INTOXICATION 


By Dr. F. De MATTEIS*, B. E. PRIOR and Pror. C. RIMINGTON, F.R.S. 


Department of Chemical Pathology, University College Medical School, University Street, London, W.C.| 


UTBREAKS of cutaneous porphyria, involving 
several thousand cases, have occurred in districts 
of south-eastern Turkey since 19561. Affected 
individuals, predominantly children, are said to 
exhibit photosensitivity, hepatomegaly and porphy- 


* British Council Scholar from the institute of Clinical Medicine, 


University of Bari, Italy. 


rinuria but no abdominal or neurological symptoms. 
Poisoning by hexachlorobenzene, C,Cl,, introduced in 
bread made from dressed wheat intended for sowing, 
has been suspected as the cause of these disturbances. 
Ockner and Schmid? have confirmed such suspicions 
by administering hexachlorobenzene to adult male 
rats and observing neurological symptoms and 
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increased urinary excretion of porphyrins and porphy- 
rin precursors. Hepatomegaly with degeneration of 
liver cells was common in porphyrie rats. There 
was no decrease in liver catalase or alteration in blood 
porphyrins or hemoglobin, and no red fluorescence 
in the bone marrow post mortem, although the cortex 
of the long bones exhibited fluorescence. Of 33 rats 
started on the experimental diet, 13 died within the 
first month exhibiting terminal tremor, ataxia, weak- 
ness and paralysis but no major disturbance of 
porphyrin metabolism, while the remainder showed 
porphyrinuria, porphobilinogenuria and _ increased 
excretion of §-aminolevulie acid after 2-8 weeks. 

We have studied hexachlorobenzene intoxication 
in rabbits, guinea pigs. male and female rats and mice 
and have observed interesting differences in pattern 
of symptoms and chemical disturbances shown by 
each species. In addition. we have studied the 
susceptibility of the foetal and new-born rat to poison- 
ing from the hexachlorobenzene-fed mother. The 
biochemical picture seen in the rabbit most nearly 
resembles that described in man, and for this reason 
we have carried out most of our experiments with 
these animals. They are more rapidly affected by the 
poison and develop uroporphyrinuria, in contrast 
to the more usual coproporphyrinuria of the rat; 
disturbances of the central nervous system are 
relatively slight. Parke and Williams* found a single 


oral dose of hexachlorobenzene remained largely 
unchanged in the gut of rabbits after 5 days. There 


was no significant urinary or pulmonary excretion of 
metabolites. They found, however, increased urinary 
excretion of glucuronic acid, mainly in the free form. 
Cameron et al.4 found subcutaneous injection of a dose 
as large as 0-5 gm. to rats produced no toxic effects. 
Rabbits. Females (1-5-2-5 kgm.) were fed a diet 
prepared by powdering rabbit pellets (“Diet S.G. 1’, 
Joseph Rank, Ltd.) incorporating 0-5 per cent of 
hexachlorobenzene, moistening with water, and then 
drying in shallow pans at about 60° C. Urine and 
feces were collected separately. Five to six days 
were allowed for the establishment of basal excretion 
before institution of the drug. Pooled 2-day urines were 
analysed for uroporphyrin®. coproporphyrin®, porpho- 
bilinogen, 3-aminolevulic acid? and glucuronic acid’. 
Blood hemoglobin and body-weight were recorded at 
the commencement and the end of the experiment. 
Tissue porphyrins® were determined after death. 
Organs were examined under ultra-violet light and 
those found to be fluorescent were prepared for ultra- 
violet microscopy. Paper chromatography was used for 
identification of the abnormal urinary constituents. 
The general picture observed was development of 
increased urinary porphyrin, which was mainly 
uroporphyrin, after administration of the drug for 
about six weeks. This uroporphyrinuria became 
progressively more severe and was accompanied by a 
rise in coproporphyrin but a decline in glucuronie acid 
excretion, while there was no significant change in 
the levels of §-aminolevulie acid or porphobilinogen. 
When determining the latter in the eluate from the 
‘Dowex 2’ column’, it was noticed that development 
of colour continued, reaching its maximum after 
about 6 hr. Chromatographic examination showed 
the substance responsible for this extra colour pro- 
duction to be not porphobilinogen but another 
Ehrlich reactor, possibly pyrrole-2-carboxylic acid. 
Rabbit urine is alkaline, and such a substance might 
be derived secondarily from a precursor (Gottschalk!®). 
The identity of these materials and the relation they 
bear to administration either of the drug or of the 
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heated diet (see later) are under investigation. The 
animals lost weight and suffered from oliguria and 
constipation, with diminished intake of food and 
water; their hemoglobin remained unchanged 
Unless killed earlier, they died after 8-12 weeks, 
having shown for the last week or so neurological 
symptoms in the form of tremor and paresis. 

Out of 4 animals. 2 showed marked disturbance of 
porphyrin metabolism, another less marked, and 
another only slight disturbance. Nevertheless, all 
exhibited the same final neurological picture. Some 
of the biochemical changes in a typical example are 
shown in Fig. 1. Post-mortem examination revealed 
intense red fluorescence in ultra-violet light of the 
liver and adjacent tissue and of the bones, particularly 
of the metaphyseal region of the long bones but also 
along the diaphyphyseal insertion of the muscles 
This picture of porphyrin distribution was confirmed 
by ultra-violet microscopy of suitably prepared 
transverse sections. There was no fluorescence in 
the bone marrow. The liver showed fatty change 
and patchy necrosis of varying degrees of severity. 
Under ultra-violet light. porphyrin was visible mainly 
in the centrilobular region. The degree of porphyrin 
fluorescence was related to the intensity of the 
porphyrin excretion during life. Necrosis, degenera- 
tion and focal calcification were seen in a few areas in 
muscles. No evident abnormality was found in the 
central or peripheral nervous systems in spite of the 
neurological symptoms shown by all animals. 

Chemical analysis of organs showed massive 
quantities of a uro-type porphyrin in the liver. with 
only slight increase in the coproporphyrin and proto- 
porphyrin fractions. Uro-type porphyrin was also 
detected in appreciable amounts in the serum and 
other organs examined. The qualitative reaction for 
porphobilinogen in the liver was negative. Paper 
chromatography of the uro fraction from. the liver 
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chlorobenzene intoxication. Figures reter to 48-hr. periods 





she 


col 
ps 
ch 
pel 


he 
the 


sp 


s 


gu 

coi 
oUt 
ne: 
sid 
sta 
ba 
the 
in 
In 

ma 
ju 
hy 
tol 
de 
ple 
pre 
inf 
of 

hy 
ces 
of 

fai 


ma 
sta 
ob: 
ext 
po 
cal 
abi 
am 
ain 
All 
TW 
cor 
litt 
chi 


tio 
fea 
me 
syI 


inc 
wil 
ma 
est 
ger 


gre 
if 
an 
pic 
rise 


of 





L. 191 


m. The 
aria and 
0d and 
hanged 
> weeks, 
rologica] 


bance of 
pd. and 
less, all 
Some 
aple are 
revealed 
of the 
icularly 
but also 
nuscles 
nfirmed 
repared 
ence in 
change 
‘verity. 
mainly 
rphyrin 
of the 
genera- 
reas in 
in the 

, of the 
Massive 
r. with 
proto- 
a8 also 
m and 
ion for 
Paper 
e liver 











ae ee ee 


HE: 


2, BEL 


| 


pru- 
exa- 
ds 


July 22, 1961 


showed that it was mainly uroporphyrin III with 
some pseudo-uroporphyrin", whereas the uro fraction 
from the urine was predominantly pseudo-uropor- 
phyrin. The urinary copro fraction was found to 
contain some coproporphyrin III together with 
pseudo-uroporphyrin and other porphyrins with 
chromatographic behaviour similar to hexa- and 
penta-carboxylic porphyrins. 

Guinea pigs and mice. The level of dosage of 
hexachlorobenzene and means of administration in 
the diet were the same as for rabbits. These two 
species were found to be remarkably susceptible to 
hexachlorobenzene poisoning and to develop within 
s-10 days very marked neurological symptoms. In 
guinea pigs, these took the form of continuous, rather 
coarse tremor of the extremities, interrupted by 
oceasional clonic convulsions. There was also weak- 
ness. which was often more pronounced along one 
side of the body, so that the animals had difficulty in 
standing, could not right themselves if placed on the 
back and when moving in the cage they leaned against 
the wall for support. Mice exhibited a finer tremor 
involving the whole body, including head and tail. 
In place of convulsions, clonic contractions affecting 
mainly the hind limbs took place, so that the animals 
jumped like frogs. In both species there was a marked 
hyper-excitability, the symptoms being intensified by 
touch. If the drug was withdrawn within 24 hr. of 
development of nervous symptoms, recovery took 
place. but not otherwise. Death was preceded by 
progressive extreme weakness. All attempts to 
influence the symptoms described above by means 
of drugs such as hyoscine, chlorpromazine, pheny!l- 
hydantoin, pyridoxine and asparagine were unsuc- 
cessful. Careful examination of the nervous systems 
of one guinea pig which died with typical tremor 
failed to reveal any structural changes. 

Chemical analysis of the urine showed an early, 
marked increase in a $-aminolevulic acid-like sub- 
stance (see later), no significant changes being 
observed in porphobilinogen and porphyrin excretion 
except for a slight preterminal increase in copro- 
porphyrin. Blood ammonia determinations were 
carried out in guinea pigs in view of the known 
ability of hexachlorobenzene to cause liver injury 
and the association of tremor and raised blood- 
ammonia in human cases of severe hepatic damage. 
All four guinea pigs so studied had ammonia values 
two to three times greater than their three normal 
controls. Liver histology, on the contrary, showed 
little evidence of damage apart from some fatty 
change. 

Rats. 
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The picture of hexachlorobenzene intoxica- 
tion in rats resembles that in rabbits in its main 
features, with marked disturbance of porphyrin 
metabolism and only slight terminal neurological 
symptoms. The metabolic changes differed, however, 
in some important details. We observed a gradual 
increase in coproporphyrin and later of uroporphyrin 
with a terminal excretion of porphobilinogen which 
may be considerable. The identity of the latter was 
established by paper chromatography'?; no chromo- 
gen reacting slowly with Ehrlich reagent was detected. 
The urinary coproporphyrin was identified chromato- 
graphically as mainly coproporphyrin IIT, only traces, 
if any, of the porphyrins intermediate between this 
and uroporphyrin being found. In addition to the 
picture described above, a prompt and sustained 
rise was seen in excretion of glucuronic acid and of 
a §-aminolevulic acid-like material. The identity 
of the latter is still under investigation. Coincident 
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Dermal lesions shown by a rat receiving hexachlorobenzene 


Fig. 2. 
with the terminal rise in porphobilinogen, there is 
an increased excretion of true $-aminolevulic acid. 
Excretion of the $-aminolevulic acid-like material 
and the rise in urinary glucuronic acid were both 
found to be associated with consumption of a diet. 
prepared by heating and are therefore not relevant to 
intoxication by hexachlorobenzene. 

In addition to the general picture of terminal 
neurological disturbance, some rats showed, at an 
earlier stage, cutaneous lesions in the form of depilated 
sores with hemorrhagic crusts. These appeared 
before the animais developed porphyrinuria and were 
often symmetrically placed near the shoulder (Fig. 2). 
The animals showed signs of itching ; hence scratching 
may have played some part in the development of 
these lesions. Quantitative tests for photosensitivi.v 
with a monochromator!® were kindly carried out 
for us by Dr. H. A. Magnus but proved completely 
negative. Tests repeated during the phase of 
increased urinary porphyrin excretion failed to pro- 
duce reaction at either 380, 400 or 420 mu. 

Two pregnant female rats were also given hexa- 
chlorobenzene in their food. One died, but the other 
was delivered normally and reared the young until 
they died with convulsions after 7-8 days. She was 
then given 3 normal week-old baby rats to foster. 
These died 3-4 days later with convulsions. The 
mother died 4 weeks later showing the usual picture. 
It would appear that the baby rat is particularly 
susceptible to the nervous effects of this poison. 

The hexachlorobenzene used for the above experi- 
ments was the technical chemical, since examination 
had shown it to be free from less-highly chlorinated 
hydrocarbons. To eliminate the possibility that the 
observed toxic effects could be due to an impurity, 
some mice and rats were given pure hexachloro- 
benzene prepared as a standard for the estimation of 
halogen (British Drug Houses, Ltd.). These animals 
reacted in exactly the same way and after the same 
time as did those receiving the technical-grade 
product. 


Discussion 


Experiments with these four species of animal have 
confirmed the toxicity of hexachlorobenzene. Where- 
as cutaneous lesions dominate the picture in man 
and nervous symptoms are absent, our experimental 
animals have all shown striking neurological symptoms 
which were not associated with pathological change 
histologically evident in the central or peripheral 
nervous systems. It would therefore seem that these 
symptoms have a biochemical origin, and in this 
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connexion it is interesting that affected guinea pigs 
had raised blood ammonia. 

The nervous symptoms do not appear to be closely 
related to disturbed porphyrin metabolism, since in 
susceptible species they develop relatively rapiély 
and before pigment metabolism becomes markedly 
affected. Porphyrinuria must be looked upon as a 
chronic effect of continued hexachlorobenzene intoxi- 
cation, not seen in those animals dying earlier from 
nervous complications. 

The experiments on rats confirm Ockner and 
Schmid’s? report of increased urinary porphyrin and 
porphobilinogen excretion after prolonged administra- 
tion of hexachlorobenzene. A rise in true §-amino- 
levulic acid usually occurs coincidently with the rise 
in porphobilinogen towards the end of the experi- 
ment. The cutaneous lesions we have seen in this 
species suggest chronic dermal irritation rather than 
photosensitivity. 

The disturbance caused by the drug in the porphy- 
rin metabolism of rabbits was more marked than in 
the rat and also resembied the human condition more 
nearly. As in clinical material from Turkey, uropor- 
phyrin was the predominant urinary porphyrin and 
porphobilinogen was consistently absent. Post- 
mortem analyses revealed massive deposits of 
uroporphyrin III in the liver, appreciable uropor- 
phyrin in the plasma and several other organs, includ- 
ing bones, but no significant increase of porphyrin 
in the bone marrow. The porphyrin in the urine 
was mainly of uro-type. including pseudo-uroporphy- 
rin; chromatography of the copro fraction revealed 
that even here pseudo-uroporphyrin and hexa- and 
penta-carboxylic porphyrins were strongly repre- 
sented. Such a distribution within the body strongly 
suggests a porphyria of hepatic type with possible 
interference to the uroporphyrinogen decarboxylating 
mechanism. 

Increase in the excretion of glucuronic acid was not 
observed in the experiments on rabbits, although this 


has been reported by Parke and Williams?® to folloy 


administration of hexachlorobenzene. Cutaneoy 


lesions were not seen; our rabbits were housed jy 
diffuse light, and no tests for photosensitivity wep 
carried out. 

Many problems remain to be solved in connexig, 
with hexachlorobenzene intoxication. Investigation 
of the pathogenesis of the porphyrin dyscrasia jp 
different animals should help to throw light on the 
condition caused by this drug in man. The somewhat 
surprising findings of neurological disturbances 
arising in animals, which might well be due to the 
relatively high dosage-level employed, are of intringi 
interest and deserve further investigation. 

Dr. W. R. Lee, of the Institute of Orthop:edies, 
kindly prepared and examined by ultra-violet micm. 
scopy the sections of porphyrin-containing bone 
from our rabbits. We wish to thank Dr. J. Smith 
for advice on the histological material and Mr. R. 
Belcher and Mrs. A. Latter for technical assistance. 
Dr. M. D. Turner of the Royal Free Hospital kindly 
carried out the determinations of blood ammonia. 
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MECHANISM OF SENSITIVITY TO HYDROSTATIC PRESSURE IN THE 
PRAWN, PALAEMONETES VARIANS LEACH 


By PETER S. B. DIGBY 
Department of Biology, St. Thomas’s Hospital Medical School, London, S.E.| 


ANY marine animals exhibit sensitivity to 

hydrostatic pressures of less than 100 Ib./in.*: 
some being sensitive to pressures equivalent to a 
depth of only a few centimetres of water. An 
increase of pressure causes active swimming upwards, 
a decrease usually causes passive sinking, but some 
forms swim actively downwards!-*. The mechanism 
has so far remained obscure. 

The prawn Palaemonetes varians is sensitive to 
pressure, as are a number of Crustacea, and if confined 
in a bottle it will swim to the surface when a pressure 
of 40 lb./in.* is applied and will sink again when it is 
released. The surface potential on a prawn, together 
with the electrode potential, investigated crudely by 
passing one copper electrode into the abdomen and 
placing the other in the water beside it, was found to 
be 50 mV. or more negative to the surrounding salt 
water. When the electrodes were connected through 
a 50-ohm galvanometer, the flow of current proved to 
be sensitive to pressure; although it declined rapidly. 


repeatedly increasing the pressure to 40 Ib./in.* for 
a few seconds, caused corresponding increases of 
current by up to 20 per cent. Investigation of the 
electric field in the water surrounding a prawn free 
in a shallow dish, showed that the ventral surface is 
the more negative. Vital staining with nile blue 
showed that the negative parts stain deeply, namely. 
the gills and the part of the abdomen bathed by the 
water coming from them. The potentials arise 
partly from differences of pH in the water bathing 
the two electrodes. 

Since different parts of the prawn differ in potential, 
and small currents flow, it seemed possible that 
sensitivity to pressure might reside in the properties 
of a very thin film of gas produced electrolytically 
on some surface. To see if this might be feasible. 
a model was constructed in the form of a diffusion 
cell. consisting of a 6-0-cm. length of 7 mm. glass 
tubing with one end open and the other closed by 


a ‘Cellophane’ membrane. The tube was filled with ° 
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10 per cent gelatine and strong salt solution, and was 
supported vertically in the pressure bottle half-full 
of 3-5 per cent salt solution with the ‘Cellophane’ 
membrane below the surface and the open end above. 
One copper electrode was passed into the gelatine, 
the other into the surrounding salt solution. A 
diffusion potential was set up, the inside of the cell 
being negative to the salt solution as in the prawn. 
Single cells did not prove very sensitive to pressure 
at first, although they became so on standing for 
a day. When charged by a slightly larger outside 
potential, a freshly made cell immediately became 
sensitive to pressure. 

As the prawn has different potentials across different 
parts of its integument, it may be regarded as two 
cells connected in parallel, one charging the other. 
In a further model therefore, two cells similar to 
that discussed here were mounted side by side in 
the same bottle (Fig. 1), producing potentials of 
—60 mV. and —20 mV., respectively, relative to 
the solution by virtue of their different internal 
salt concentrations. On connecting the two central 
electrodes through a 50-ohm galvanometer, the 
current recorded at once became sensitive to pressure, 
being 5-10 per cent greater at 40 Ib./in.?. This 
arrangement (Fig. 2) represents the free prawn, 
where the inner parts of the body surface of 
differing potentials are connected electrically by 
body tissues, the outer by sea-water. The current 
between these cells and the surrounding solution, 
an arrangement representing the prawn mounted 
on one electrode, is also sensitive to pressure. Experi- 
ments showed that the sensitive element is the weaker 
cell, charged by the stronger. The electric currents 
are very small and no gas can be seen until some hours 
have elapsed. Gas is. however, produced electro- 
lytically in small amounts down to zero potential on a 
metallic electrode‘, arid we may conclude that such a 
thin gaseous film forms immediately on connecting up. 
The layer may be only a few angstrom units thick, 
insufficient to produce obvious optical effects, but 
nevertheless having the compressibility of a gas and 
producing electrical effects which vary with pressure. 

The outstanding question is whether such a gas 
film can be formed on the surface of an animal. 
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Fig. 1. Pressure bottle showing arrangement of two cells con- 
taining different nena sodium chloride in 10 per cent 
gelatine 
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Fig. 2. Pressure-sensitive system. corresponding to arrangement 
in shrimp swimming free in water, when internal tissues take 
the place of the galvanometer 
In order that gas shall be formed electrolytically, 
electron conductance must occur, as in the metallic 
electrode. That this is possible in the prawn may be 
demonstrated by applying a potential of 100 VY. 
across the surface in distilled water, when hydrogen 
is freely evolved from much of the integument and, 
if a trace of copper sulphate is added, metallic copper 
is deposited. The hydrogen or copper ions are dis- 
charged by electrons passing through semi-conducting 
molecules or structures in sufficient numbers to 
produce visible amounts of discharge products at 
the high voltage. By the same procedure, hydrogen 
may be evolved from and copper deposited on a 
membrane of ‘Cellophane’ stained with methylene 
blue or coated with beeswax. At the lower voltages 
prevailing normally in the living animal, a corre- 
spondingly smaller number of ions will be discharged. 

That such electrolytically produced gas layers 
occur in the prawn is suggested by the increase of 
sensitivity which follows the addition of salt and acid 
to the surrounding water. Further evidence is 
provided by experiments with surface-active sub- 
stances that ionize to give charged complexes. 
Thus small amounts of ‘Cetavlon’ cetrimide B.P., 
which gives a negative bromide ion and a positive 
complex, completely destroyed the pressure-sensitiv- 
ity of both the prawns and the diffusion cells. Small 
amounts of “Teepol’, which yields a negative complex, 
did not destroy this sensitivity in either, but some- 
times enhanced it. As the positive complex which 
destroys the pressure sensitivity will migrate to the 
negative surface and there alter the charge, it is the 
most negative surface that is liable to blocking with 
‘Cetavlon’ and is therefore first the gills. It is the 
outer surface which is coated because, after abolishing 
by ‘Cetavlon’ treatment, the sensitivity could be 
regained by immersing in sodium bicarbonate solution 
for some minutes to remove the substance, rinsing in 
acid water and transferring to fresh saline. The thin 
layers of hydrogen will, however, tend to be formed 
electrolytically on the outer surface wherever electrons 
can leak through the semiconducting structures in 
the integument under the influence of the normal 
potential drop across the surface. 

Natural substances poison the surface, for prawns 
lose their sensitivity to pressure when crowded in a 
vessel with no seaweed and regain it when kept in a 
vessel containing seaweed. When lost, the sensitivity 
can also be restored by bicarbonate and acid rinses. 
Indeed the latter treatment, followed by the addition 
of a little salt, was found to induce or enhance 
sensitivity to pressure in the freshwater Daphnia 
pulex, which when newly caught showed only a 
trace of this reaction. 

The widespread nature of charged surfaces in 
living biological material renders it likely that a 
capacity for pressure-sensitivity, based on the proper- 
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ties of a very thin film or perhaps partly adsorbed 
layer of electrolytically produced gas, may develop 
in a variety of situations where free hydrogen or 
hydroxyl ions are available against the surface of a 
charged merabrane containing semi-conducting sub- 
stances which allow a leakage of electrons. 

Details of this work, which is continuing, will be 


published elsewhere. Certain initial experiments 
were carried out at the Kristineberg Zoological 
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Station, Sweden ; my thanks are due to the Director 
and his staff. 
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LOCATION OF POLYGENES 
By Pror. J. M. THODAY 


Department of Genetics, Milton Road, Cambridge 


UANTITATIVE genetics, hitherto, has been a 

subject distinct from Mendelian genetics in the 
sense that the specific genes segregating in any 
particular situation have not been handled as separate 
entities. 

The first step of classical genetics is to identify the 
genes concerned as entities separable in heredity 
and to locate them on linkage maps so that thereafter 
they may be handled unequivocally in experiment. 
Our ability to do this depends on the classification 
of phenotypes into discrete groups, and the character- 
istic statistical techniques involved are those based on 
the y? test of goodness of fit. 

In the study of quantitative characters, on the 
other hand, the continuous nature of the relevant 
variation naturally leads to analyses of variance and, 
hence, to a biometrical approach. Using this approach 
has given us great insight into the problems, and we 
know that continuous and discontinuous heritable 
variation have in common the properties of segrega- 
tion, dominance, interaction and linkage. It is 
established beyond doubt that the genes of biometrical 
genetics and the major genes of Mendelian genetics 
are subject to the same rules of inheritance for the 
same reasons; they are chromosomal!. 

Though the techniques of biometrical genetics are 
most elegant and informative, the resulting under- 
standing of quantitative variation lacks the precision 
it would be given if we were to locate relevant genes 
with greater accuracy in linkage maps. Only when 
this has been done will we be able to look at a genic 
difference that has only been detected by its effect 

on & quantitative character and discover what it 
does and how it contributes to phenotypic variation. 

The nature of the variation makes this difficult. 
In the best-studied examples, it is clear that the 
variation arises from genetic variation at a number of 
loci, and that the contribution of any locus to pheno- 
typic variance is sufficiently small relative to that of 
the other loci and that arising from environmental 

causes and accidents of development to make the 
effects of that locus difficult to handle independently. 
To some extent this has affected our attitude to con- 
tinuous variation, so that even those whose specific 
study is continuous variation, whether from a pure 
or applied point of view, seem rather often to act as 
if they thought that experimental control of the 
separate loci were in principle impossible. State- 
ments occur in the literature such as “it is impos- 
sible to show the presence of these groups of 
linked polygenes by normal Mendelian methods’? 
or... non-identifiability of genotypes and depend- 
ence on environment . . . have led to the development 


of a branch of genetics to which the name biometrical 
genetics is applied’’*. Such statements may, however 
qualified by their authors, lead readily to a general 
feeling that any attempt to locate the genes of quanti- 
tative genetics would be defeated before it began. 
Those who are not specifically concerned with under. 
standing quantitative genetics, but are interested in 
a character from some other point of view, may well 
be forgiven if they often seem to regard the demon. 
stration that the character is inherited ‘polygenically’ 
as an end to investigation rather than a beginning. 

Now it is clear that there is nothing in principle, 
though it may be difficult or laborious in practice, to 
prevent us from handling the genes concerned with 
quantitative variables by more or less classical genetic 
methods. Biometrical genetics is based on the fact 
that discontinuous variates, if there are enough of 
them, may be treated as if they were continuous 
variates, and it is implicit that the underlying genetic 
discontinuities are there to be uncovered. In fact, 
Johannson did just this by progeny testing and 
demonstrating that a number of different classes of 
inbred lines could be established from a strain varving 
in seed weight. Sax used a different approach when 
he used a marker to classify chromosomes and _ hence 
to detect linkage between major genes and quantita- 
tive genes', and the elegant experiments of Breese 
and Mather‘ go still further in this direction by 
splitting a chromosome into a number of component 
pieces and showing each of them to contain some of 
the relevant factors. But what has not been done is 
to exploit the possibilities fully by combining these 
two approaches. 

My colleagues and I have had some success at this 
in the past few years, and it seems worth while to 
describe the basis of our techniques. 

These depend upon the following simple principles: 
Suppose that we have found that a chromosome gives 
a higher value of a metric character than that given 
by a homologous chromosome marked with the reces- 
sive major genes a and b. We then test-cross indi- 
viduals possessing this chromosome to the homozy- 
gous ab/ab stock, pick up equal numbers of the 
+ +/ab, ab/ab, a +/ab and + 6b/ab progeny and assay 
them for the metric character. 

Let genes increasing the value of the metric charac- 
ter be H and their alleles L. 

Suppose there is only one HL locus. Then the 
F, individuals test-crossed are either H + +/Lab, 
++H/abL or +H+/aLb depending on the position 
of the HZ locus in relation to the marker loci. 
Assuming the locus to be near enough to the markers 
for linkage to be detected, then the first two arrange- 
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ments will give results such that one recombinant 
marker class is similar to one of the parental classes, 
and the other recombinant marker class is similar 
to the other parental class. The +H + /aLb arrange- 
ment will give different results. Ignoring double 
crossing-over, the ++ class will all be H, the ab 
class will all be Z. A proportion of the +6 class 
will be H. the rest L, and reciprocal proportions of 
the a+ class will be H and L. The parental classes 
will therefore have distinct means but, since they are 
homogeneous, low variances. The recombination 
elasses, on the other hand, will, as they are hetero- 
geneous, have relatively high variances, their means 
being intermediate between the parental classes. 

In investigating a particular chromosome, our first 
step is to search for a pair of markers which produce 
such results, that is to say, are outside the HL g>nes 
we wish to locate. 

Now such results do not indicate there is only one 
locus. Suppose there are two, both between the 
marker loci, and suppose them to be in coupling. 
Then the F, individuals test-crossed are +HH+ 
aLLb. Again ignoring double crossing-over, the + + 
parental class of progeny are all HH, and the ab class 
all LL. The parental classes are homogeneous and 
different in mean. The recombination class +b may 
be either HH, HL or LL, and the recombination 
classa+ either HH, LH or LL. Again the recombina- 
tion classes are heterogeneous, and will have inter- 
mediate means and high variances. 

The essential problem is to distinguish between the 
one locus and the two locus results. This is relatively 
easy. With one locus each marker recombinant class 
falls into two classes; they are either H or L. With 
two loci each marker recombinant class comprises 
three classes, HH, HL or LH, and LL. If, then, we 
progeny-test adequately a sufficient number of each 
marker recombinant class to determine how many 
classes it contains, we can determine whether one 
or two (or more) loci must be invoked to explain the 
difference in which we are interested. If we proceed 
far enough, we shall be able to assess not only the 
number but also the frequencies of the classes and 
hence obtain map-distances. 

The investigation of a particular quantitative 
genetic difference thus proceeds in the following way: 
We first investigate which chromosomes are effective, 
by test-crossing with a stock in which, if possible, 
each chromosome of the haploid set is marked, and 
in the same breeding programme separate from one 
another the chromosomes of the genome in which we 
are interested. We then test the effective chromo- 
some against a number of marked stoeks in order to 
determine which are suitable markers. We then 
obtain adequate numbers of recombinant chromo- 
somes and classify them by progeny-testing to see 
whether they fall into two or into three classes. 

The feeling that the genes of quantitative genetics 
may not be readily located has been strengthened 
by the knowledge that much of the relevant genetic 
variation is cryptic. It is to this that Kempthorne 
referred in using the phrase ‘“unidentifiability of 
genotypes”’ in the quotation referred to here. Such a 
situation occurs when two genomes, or more particu- 
larly two homologous chromosomes, differ genetically, 
but not in their phenotypic effects, because the 
relevant genes are in the repulsion phase. But this 
does not make it impossible to handle the genes 
concerned in breeding experiments. Consider again 
two loci: the heterozygote is HL/LH and will produce 
HH and LL gametes the presence of which can be 
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detected in the progeny of such heterozygotes, for 
they will have a higher variance than the progeny of 
individuals homozygous for either chromosome. It 
was in fact just such a test that led Gibson and 
Thoday®* to discover and locate the relevant loci 
in the population in which they were interested. 

More sophisticated techniques can be derived 
easily to break down more complex situations so that 
they can be treated in this simple way, to deal with 
homozygous as well as heterozygous effects of the 
chromosomes being analysed, and to re-synthesize 
the analysed chromosomes to check conclusions. 
When it proves necessary to use markers themselves 
affecting the character concerned or marker stocks 
themselves possessing inconvenient combinations of 
relevant polygenes, the elegant breeding system of 
Breese and Mather‘ can readily be modified to inelude 
the only essential of our method, sufficient progeny- 
testing of sufficient recombinant chromosomes of 
each marker class to determine how many classes 
they fall into in terms of their effect on the quantita- 
tive character. 

The main practical limitation of the technique seems 
to be the availability of suitable markers, and the 
time that can be given to the considerable work 
involved. No doubt there is also a lower limit of 
genetic differences that would make genes of slight 
effect difficult to isolate, because there is a limit to 
the reduction of other sources of variance that can 
be achieved, though inbreeding of the marker stocks 
can help. The technique may therefore lead to 
isolation of non-random samples of polygenes of 
larger than average effect, can only tel] us what is the 
minimum number of loci we must invoke, and may 
not tell us how complex the loci identified are. 
Whether these will prove serious limitations we do 
not know. 

We have, in fact, had considerable success using 
such techniques in the analysis of sternopleural 
cheta number loci in Drosophila melanogaster. We 
have explained a major response to artificial selection 
in a line ‘dpl’, of Thoday and Boam’ in terms of two 
loci at about 28 and 32 centi-Morgans on the third 
linkage group. Wolstenholme has analysed the 
high-cheta number flies of the polymorphic popula- 
tion ‘D+’ of Thoday and Boam® and found them to 
be distinguished by two factors at about 49 and 51 
centi-Morgans on the third linkage map. Using these 
and also other techniques made possible by lethality 
interactions of the genes concerned, Gibson has 
located two factors from the low-cheta number flies 
of the ‘D+’ population at about 27 and 47 centi- 
Morgans on the second linkage group. In the latter 
case we have for the first time shown how the relevant 
loci occur in the population from which the selection 
line is derived®. We are at present analysing second 
chromosomes derived from the populations of Milli- 
cent and Thoday®:!® and have roughly located two 
factors in these at about 47 and 64 centi-Morgans. 

None of these investigations has yet been pushed 
to the extent where we have tried to determine the 
relative frequency of the different classes, and in 
only one have we good evidence that two and not 
more than two loci are concerned. Nevertheless, we 
have gone far enough in each investigation to satisfy 
ourselves that the location of the genes is not too 
difficult, and are able to place them in the second and 
third linkage maps as shown in Fig. 1. 


The precision of these locations is not great. We 


know 1 and 2 to be separate, and that both are 
between h and eyg ; we know 3 and 4 to be about 20 
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centi-Morgans apart, that 3 is some 10 centi-Morgans 
to the right of dp. and 4 and some 8 centi-Morgans 
to the left of en. We know 7 is to the right of en 
and a long way from bw. We know that 5 is between 
p and cu and that 6 is to the right of cu and to the 
left of kar. The precision of the locations. and 
our knowledge of the chromosomes containing 
the relevant alleles are, however. sufficient for us 
to test future chromosomes against these and so 
identify new loci relatively easily. 

Furthermore, we are now in a position to handle 
these loci in breeding experiments with sufficient 
precision to permit us to investigate their develop 
mental effects. This should permit us to discover 
whether the different genes affect cheta number in 
different or similar ways. It may also permit us to 
discover other attributes of the various genotypes 
which are not so dependent on environmental and 
other sources of variance, and hence with some loci 
at least to classify genotypes directly from observa- 
tions of phenotype that give discontinuity. It 
remains to be seen whether this will prove possible 
and if so whether it is only possible in special cases. 


The present account of the principles of our methods 
is published with the view of encouraging others to 
approach their own problems in quantitative genetics 
with the possibility in mind of locating polygenes. 
An extensive attack on quantitative genetics made 
from this point of view as well as the biometric 
approach should be a great help in answering questions 
concerning the nature of polygenes, the randomness 
of their distribution in chromosomes, their relation 
to major genes and to heterochromatin, and whether 
or not they are a homogeneous or heterogeneous class 
of genes. At the same time. such an approach should 
bring new understanding of the consequences of 
artificial selection. and of the genetic architecture of 
natural and artificial populations. 

1 Mather, K., Biometrical Genetics (Methuen, 1949). 
? Sheppard, P. M., Natural Selection and Heredity (Hutchinson, 1958). 
* Kempthorne, 0., Biometrical Genetics (Pergamon Press, 1960). 
* Breese, E. L.. and Mather, K., Heredity, 11, 373 (1957). 
Gibson, J. B., and Thoday, J. M., Nature, 184, 1593 (1959). 
* Gibson, J. B., and Thoday, J. M., Heredity (in the press). 
? Thoday, J. M., and Boam, T. B., Genetical Research 16, 199 (1961), 
* Thoday, J. M., and Boam, T. B., Heredity, 18, 205 (1959). 
* Millicent, E., and Thoday, J. M., Science, 131, 1311 (1960). 
© Millicent, E., and Thoday, J. M.. Heredity, 16, 199 (1961). 


PREPARATION OF MITOCHONDRIA FROM THE PEEL OF APPLES 
By Dr. J. D. JONES and Dr. A. C. HULME 


Ditton Laboratory (Agricultural Research Council), Larkfield, Maidstone, Kent 


ry *WO main difficulties in the isolation of active 

| mitochondria from apple fruits are the low and 
well-buffered pH of the sap and the presence in the 
tissues of inhibitors, the chief of which has been 
thought to be of a polyphenolic nature, probably an 
oxidized o-dihydroxyphenol':?. The suecessful isola- 
tion of mitochondria from the apple*-> has been 
achieved in recent years by the use of alkaline 
extraction media to neutralize the acid of the sap 
and by the use of peeled fruit, since the peel contains 
a relatively large amount of phenolic substances. 
The addition of ascorbic acid to the extraction 
medium has been advocated to keep these substances 
in the reduced form during the isolation procedures. 

We are particularly interested in the metabolism 
of the peel of apples. Apart from the high concentra- 
tion of phenolic substances in the peel* and their 
alleged effect on mitochondrial activity, peel tissue 
is difficult to disintegrate because of its leathery 
texture; satisfactory comminution cannot be 
achieved by grinding with sand in a mortar or by the 
use of a Waring blendor. 

Grassman ef al.? have shown that a polyamide 
material known as ‘Perlon’ or ‘Ultramid’ has a strong 
affinity for phenolic compounds, and Novikoff* has 
shown that the incorporation of polyvinylpyrrolidone 
(PVP) in the extraction medium preserves the 
morphological and biochemical integrity of mito- 
chondria. Several workers*-" have advocated the 


use of PVP in the preparation of animal mito- 
chondria, but its use has not been reported for 
mitochondria from plant sources. 

A method has been developed for the preparation 
of mitochondria from the peel of Cox’s Orange 
Pippin apples which incorporates the use of both 
‘Ultramid’ and PVP and in which the tissue is 
disintegrated in a specially designed roller mill made 
in stainless steel. Briefly. the method is as follows: 
Peel (25 gm.) is added to a sucrose buffer solution 
(0-4 M sucrose) containing phosphate, citrate" 
ethylenediaminetetraacetic acid (EDTA) and 5 per 
cent PVP (molecular weight 25,000, pharma- 
ceutical grade). The tissue is vacuum-infiltrated 
with the solution by placing in a vacuum desiccator 
for 10 min. and then releasing the vacuum. It is 
then passed through the diagonally serrated rollers 
of the mill and the ground material mixed thoroughly 
with the original solution to which has been added 
5 gm. of ‘Ultramid’. The tissue is then squeezed 
through two layers of muslin and the mitochondria 
separated from the filtrate according to the usual 
procedures for plant mitochondria. All preparative 


procedures are performed at 1°C. The particles — 
are finally suspended in a solution of sucrose (0-3 M) 
and phosphate (0-2 M, pH 7-5) containing a small 
amount of adenosine triphosphate and adenosine 
monophosphate. 
assays of enzyme activity ; 


These suspensions are used for 
uptake of oxygen and 
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Table 1. SUCCINIC AND MALIC OXIDASE ACTIVITY OF MITOCHONDRIA FROM VARIOUS SOURCES 

Sweet Etiolated Tobacco 
source of mitochondria Avocado Apple potato pea leaf leaf 
Present 
Ref. (14) (15) (3) (4) (5) work (2) (16) (12) 
Oxidation measured at 
Temp. °C. 25 30 30 30 25 25 25 30 30 
pH 71 i 7-4 70 rea | ren) 71 73 7°1-7°3 
Qo, (N) on substrate : 
Succinate I38 336 276 210 300 640 432 } 1,196 116 
Malate | ’ - 133 | 195 200 106 


outputs of carbon dioxide are measured by the 
standard Warburg manometric methods at 25°C. 
and at pH 7:5. 

In presenting a summary of preliminary results, 
it is felt that the special features of the method may 
be of importance, not only to studies of the mito- 
chondria of fruits, but also to studies of plant mito- 
chondria and other enzyme systems in general. 
The use of PVP may also have a wider importance in 
relation to any large molecules precipitated and 
‘inactivated’ by ‘tannins’. 

More than 100 active preparations have been 
studied which stain with janus green and satisfy 
the criteria for Krebs cycle activity of mitochondria", 
including oxidative phosphorylation. Pyruvate is 
readily oxidized in presence of ‘sparking’ amounts 
of malic acid. The best preparations have succinic 
dehvdrogenase activity higher than that of most 
other preparations of plant mitochondria (Table 1). 

The effect of the incorporation of PVP in the 
extracting medium varies with pH ; and the uptake 
of oxygen and output of carbon dioxide to added 
succinate of preparations made with PVP over the 
range of pH 6-0-10-0 are shown in Fig. 1. It 
appears that these mitochondria are like those from 
other plant sources in that their activity is greatest 
when extraction is done at pH 7-0—-7-5. Whereas 
in the absence of PVP the addition of ascorbic 
acid reduces darkening in the extracting medium, 
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PH of extracting medium 
Fig. 1. Uptake of oxygen and output of carbon dioxide in the 
presence of 0-02 M succinate of mitochondria from apple peel 
prepared at various values of pH in the presence of PVP 
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it does not enhance the activity of the particles 
prepared with or without PVP. The incorporation 
of polyamide (‘Ultramid’) in the extracting medium 
does not enhance the activity of the particles, but 
it has the useful physical effect of coagulating a gel. 
which is otherwise troublesome during the first 
centrifugation. 

At this stage the role of PVP must be largely a 
matter for speculation. It does not appear to be 
acting merely to protect (by complex formation) the 
mitochondria from inactivation by polyphenols. 
A range of phenolic compounds (chlorogenic acid. 
caffeic acid, phloridzin and o-coumaric acid) added 
to the Warburg flasks at a concentration of 0-001 M 
causes at the most a 10 per cent diminution in the 
activity of succinic oxidase; gallic acid at the sami 
concentration brings about a 25 per cent inhibition. 
and catechol and tannic acid are the only compounds 
tried which cause complete inhibition. Tannic 
acid inhibition is partially reversed by adding PVP 
to Warburg contents. Even a fairly concentrated 
extract of the ‘phenolic fraction’ from the leaves of 
Cox’s Orange Pippin apples causes only 35 per cent 
inhibition. Apart from catechol and tannic acid 
all these compounds produce a slight initial diminu- 
tion in the output of carbon dioxide when succinic 
acid (0-02 M) is added. At higher concentrations 
(0-02 M) chlorogenic acid causes an uptake of oxygen 
about equal to succinate, and when the two are added 
together the uptake of oxygen is 85-90 per cent 
of that expected from simple additions of the separate 
uptakes, while the output of carbon dioxide due to 
succinate is unaffected. 

Striking differences appear in the effect of the pH 
of the extracting medium, in the presence or absence 
of PVP, on the subsequent activity of the particles 
if the results are expressed on a nitrogen basis as 
compared with a given quantity of mitochondrial 
homogenate. Our methods are now sufficiently 
standardized and reproducible to justify this. 

Results for preparations from comparable tissue 
are shown in Table 2. The rise in activity between 
pH 7-9 and 9-5 (extracting medium) without PVP. 
expressed on a nitrogen basis, agrees with the results 
of Lieberman* for mitochondria from apple pulp. 





Table 2. sL. OXYGEN-UPTAKE (ACTIVITY) PRODUCED BY APPLE PEEL 
MITOCHONDRIA PREPARED IN VARIOUS WAYS 
(Average rate per hr. over first 2 hr. in Warburg) 
Without PVP With PVP 
Final Activity Activity Final Activity Activity | 
PH of perunit N! perO-5ml.| pHof | per unit N | per0-5 ml. | 
extract of prepara-| of prepara-) extract of prepara-| of prepara-| 
used tion tion } used tion tion | 
6-6 30 23 6-8 295 57 
75 85 36 7-5 365 70 
79 73 32 Si 330 55 
9-0 145 26 8-9 255 38 
O5 210 38 9-5 162 25 





but this rise is almost entirely a reflexion of the 
fall of the nitrogen content of the preparation over 


this range of pH. The nitrogen content of the 
particles prepared with PVP varies between 0-112 
and 0-230 mgm./0-5 ml. of homogenate whereas 


without PVP the range is 0-177—0-500 mgm. nitrogen 
with all the values below 0-300 mgm. being above 
PH 8-0. 

It is suggested: (1) The relatively high nitrogen 
content of particles prepared without PVP at 
values of pH between 6 and 8 is a result of the forma- 
tion of insoluble complexes between non-mitochond- 
rial protein and phenolic substances in the peel, 
these complexes being spun down with the mito- 
chondria. (2) At pH values above 8-9 these com- 
plexes ar» soluble and are not therefore spun down 
with the particles. (3) PVP forms soluble com- 
plexes with the phenolic substances which cannot 
therefore precipitate non-mitochondrial protein to 
contaminate the mitochondria. Suggestions (1) and 
(3) are supported by the results of Guttram and 
Higuchi'’, who showed that phenols form complexes 


with PVP, and by Swain (private communica- 
tion), who showed recently that tannin extracts 
form inactive complexes with certain enzymes, 
the inactivation being reversed by PVP and some 


other polymers. 
Until the uncertainty as to the true mitochondrial- 
nitrogen content of our preparations has been cleared 
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up, we prefer to express our results in terms of the 

amount of mitochondrial homogenate (Fig. 1). 

The general higher activity of preparations obtained 
with PVP, regardless of nitrogen content, may also 
be due to the removal by the PVP of inhibitors, 
whether they be of a phenolic nature or not. 

Full details of this work will be published elsewhere, 
‘Hulme, A. C., Fifteenth Intern. Horticultura ‘Cong.. Nice 1959 (in 

the press). 
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AN AUSTRALOPITHECINE SCOOP MADE FROM A RIGHT 
AUSTRALOPITHECINE UPPER ARM BONE 


By Prot. RAYMOND A. DART 


University of the Witwatersrand, Johannesburg 


ry WO years ago, I compared” several antelope 

| cannon-bone scoops from the basal grey breccia 
at the Makapansgat Limeworks site with a late 
Victorian sheep cannon-bone scoop (or apple-corer) 
made by a Ledbury lad in Herefordshire in the lasi 
decade of last century. Another scoop from the same 
grey breccia has now been found, but it was made 
from the distal end of an australopithecine humerus 
and by the different technique (see Fig. 1, extreme 
right specimen) of spiral splitting. For comparison 
with this australopithecine humeral scoop, the first 
figure includes a cast of the Ledbury apple-corer, 
a rather ornate apple-corer that came from the sale 
of an old Natal settler’s effects and an imitation 
of the Ledbury specimen made from an equally 
slender antelope cannon-bone by Mr. Ronald Klomfass, 
technical assistant in the Anatomy Department 
of the University of the Witwatersrand. When 
found in a Johannesburg curio shop, the purpose 
of the Natal apple-scoop was unknown to its pur- 
chaser, Mr. J. C. Cohn; he found its counterpart 
eventually in a cannon-bone scoop in the collection 
of the Pitt-Rivers Museum at Oxford. Later, when 
he learned about the repetitive occurrence of antelope 
cannon-bone scoops in the Makapansgat basal grey 
breccia, he kindly gave me this Natal specimen. 
Presumably, it had been brought from England 
some time last century, possibly from Oxfordshire, 
by the original settler (whose name unfortunately 
is unknown). 


Since the original announcement in Nature, much 
corroborative evidence has been forthcoming (ref. 2 
and through newspaper reports as well as correspond- 
ence) about cannon-bone scoops. Spatul of this sort 
were in such general demand by our edentulous 
forefathers for pulping crisp fruits and eating other 
pulped foods that they were freely reproduced in 
ivory (or silver) for folk more well-to-do. These 
imitations were often divided into screw-threaded 
halves so that the scoop-half fitted into the handle- 
half for easy transport”. The geographical and 
temporal gap between Victorian England and 
australopithecine South Africa also has been bridged 
considerably by the series of bone spatulz (see Fig. 2) 
to which Dr. A. J. Arkell has kindly directed my 


attention®. Incidentally, this series shows that 
cannon-bone scoops were even more prized by 
ancient Egyptians than by recent Europeans. The 


left-hand specimen is “certainly fossil’? according 
to Dr. Kenneth Oakley and possibly Paleolithic ; 
the second is typical of several excavated by Dr. 
Arkell himself from the Neolithie site at Shaheinab 
near Khartoum in the Sudan. The other two 
(Nos. 3 and 4) were found among the grave furniture 
of two Egyptian tombs of the third millennium B.c. 
The Victorian cannon-bone scoops were made with 
the aid of a pen-knife; the ivory imitations were 
turned on a lathe, as the Natal specimen may also 
have been. Mr. Trevor Jones of Salisbury, Southern 
Rhodesia, aided me in discovering the bone-on-bone 
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Fig. 1. An australopithecine and some recent bone scoops. 


from left to right—a cast of the Ledbury 


Johannesburg. 


pounding or battering technique that produced the 
first australopithecine specimens described, and the 
precision labour it entailed!. 

This new australopithecine humeral scoop resem- 
bles more closely technically Dr. Arkell’s cannon- 
bone spatula from the Nile Valley. It was prepared 
by the erack-and-twist technique, which was dis- 
covered by Mr. James W. Kitching and has been 
described elsewhere*. A single, well-controlled im- 
pact enough only to crack the bone enables one to 
twist the ends apart between the hands contrari- 
wise. 

Hazardous as it may appear to speculate from 
line-drawings how these Nile Valley bone spatule 
were prepared—especially when their surfaces have 











Fig. 2. Bone spatule from the Nile Valley (x 1/3). (1) A fossil (?) 

Paleolithic, bone scoop from the Qua Badari district, Middle 

Egypt. (2) Typical cannon-bone scoop from Neolithic site of 

Shaheinab, near Khartoum. (3) and (4) Cannon-bone scoops 

found among the grave furniture of two Egyptian tombs of the 
third millennium B.c. 


NATURE 





The australopithecine 
humeral bone scoop from the Makapansgat grey breccia (extreme right) compared with 
bone scoop, the ornate Natal settler’s 
specimen and an antelope cannon-bone scoop of similar calibre made recently in 
Note the long spiral fracture of the australopithecine specimen and the 
abraded edges of the bone due to wear especially around its blade-like end 
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probably been smoothed by use, 
some possibly even on grindstones 

the irregularity in the carvature 
of the broken bone surface of the 
Neolithic specimen (Fig. 2, No. 2) 


shows that it, at least, was first 
fractured by the same kind of 
crack-and-twist technique as Aus- 
tralopithecus employed at Maka- 
pansgat. 

This crack-and-twist technique 
must also have been used by 


Sinanthropus in China, to produce 
the spiral humeral fractures of 
antelope and other bovid bones at 
Choukoutien, by Kalkbank man in 
South Africa and by Mesolithic 
man in Portugal’. So this early 
human bone-tool-making technique 
became dispersed over the entire 
Old World mass and has persisted 
from australopithecine times, when 
it was apparently invented, until 
very recently indeed. 

This particular australopithecine 
scoop prepared from an australo- 
pithecine humerus also supports 
the inference made from the bowl- 
shaped condition in which the 
first female australopithecine occi- 
put was found that Australopithecus 
prometheus was cannibalistic. The fact that it is 
the distal portion of a right humerus suggests that 
already some concept may have germinated in its 
fabricator’s mentality that by its use he embodied 
some of his defunct opponent’s vitality. 

The value of the cannon-bone scoops or spatule 
lies not merely in the age-long persistence of the 
tradition they display but also in their overcoming 
the dental infirmities of mankind, for which they 
compensated. They explain the dental knives and 
scrapers and the food-pulping pestles and mortars 
of bone as well as the skull-bowls that accompany 
them. Upon these osteodontokeratic utensils dom- 
estic human family life was being built untold 
thousands of years before stone tools were adapted 
to its improvement. Von Koenigswald® has traced 
the human use of skull-bowls from Sinanthropus to 
Ngandong and recent times. 

The interest of this australopithecine humeral 
scoop, like that of the australopithecine occipital 
skull-bowl, lies in the antiquity they reveal for human 
veneration of human bones above all other bones. 

Acknowledgment is made to the South African 
Council for Scientific and Industrial Research, the 
Council of the University of the Witwatersrand, 
the Wenner-Gren Foundation and especially to the 
Wilkie Foundation of Des Plaines, Illinois, U.S.A.. 
for the financial assistanee which has maintained 
the field and laboratory work that has led to this 
and previous discoveries. 
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LETTERS TO 


PHYSICS 


Absorption Spectrum of y-Irradiated Lead 
Silicate Glass 


IN an earlier communication! it was stated that 
the absorption spectrum of y-irradiated lead silicate 
glass showed three absorption bands at 1-7 eV., 2:3 eV. 
and 3-3 eV. respectively. The separation of the 
spectral curve into these bands was obtained by 
assuming that the peak at 3-3 eV. was uninfluenced 
by the presence of any other bands. The points in 
the vicinity of this peak were used to estimate the 
first Gaussian and the other bands were obtained by 
successive subtraction. 

As the amount of available data increased. further 
work employing different methods has been done in 
order to confirm this separation, making only the 
assumption that the spectral absorption curve con- 
sists of a small number of Gaussian-shaped com- 
ponents. 

This problem is well suited to solution by means 
of an electronic digital computer and a programme 
was written using the equation: 

LA; exp B; (x — e;)? 

where A; corresponds to the peak height of the 
absorption band at a wave-length of 1/c;, B; is a 
function of the half-peak width of this band. and 
vr is the reciprocal of the wave-length at the point 
considered. By a process of successive iteration it 
was found that the full spectral absorption curve in 
the region 350-1,000 mu could be accurately repre- 
sented as the sum of two Gaussian absorption bands 
with maxima at 2°54 eV. and 3-36 eV. 
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Spectral absorption curve for y-irradiated lead silicate 


glass. 


3-2 10* rads after 455 min. 
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THE EDITORS 


The result shown in Fig. 1 is typical of many 
results so obtained. and it can be seen that there is 
now no evidence for an absorption band at 1-7 eV., 
but that there is considerable interaction between 
the two bands at their peak wave-lengths. The 
encircled points are the measured values and the 
full-line is the sum of the two Gaussian bands obtained 
by computation. 

Rk. 8S. BARKER 
T. K. Harrison 
D. A. RICHARDSON 
R. RIMMER 
Research Laboratories. 
Pilkington Brothers. Ltd.. 
Lathom, Ormskirk. 


' Nature, 187, 135 (1960). 


Rotational Analysis of Absorption Bands 
of Lead Monoxide 
THE low-lying states of N, and of CO arise from 
electron configurations? which may be written: 


<*e?, X'Z+ (1) 
z*en, *idy, “Ml (2) 
w®%eg*r, 1L+, 4Z-, *D+, *2-, 4A, 2A (3) 


In the group of molecules from CO to PbTe, the 
allowed absorption bands of longest wave-length may 
then be expected to be 'X-.'x — X'Z This is 
found to be the case. for example, in SiS, where the 
systems D'I] — X'X- and E'X+ — X'X+ appear 
readily in absorption?-*. In addition, evidence about 
some other predicted states. notably e’X-, J'X- and 
(?)?A, has been obtained from work*-® on the perturba- 
tions in DI. In SiO. GeO and SnO there is no 
further strong absorption® until wave-lengths con- 
siderably shorter than those corresponding to the 
E — X systems, indicating that more highly excited 
orbitals than (2) or (3) are here involved. 

This comparatively simple situation, which obtains 
for the lighter molecules of the group, is in strong 
contrast with that for the heavier molecules, particu- 
larly for SnSe, SnTe and the lead compounds. In 
PbO, for example, the absorption region of longer 
wave-length (2 > 2500 A.) shows at least six band 
systems’. The characters of the upper states of 
these systems have now been determined by rotational 
analysis of several bands of each system from plates 
taken on a 6-5-m. grating spectrograph. A summary 
of the results is given in Table 1. The results for the 
A — X system agree with those from the less-exten- 
sive analysis of Christy and Bloomenthal®; however, 
their analysis of the D — X system, which indicated 
that state D was '=+(O*) is incorrect. 

In interpreting these results, two possibilities arise: 
either (i) new low-lying electron configurations other 
than (2) and (3) become of importance in the heavier 
molecules, or (ii) the coupling shifts to Hund’s case-c. 
The latter is perhaps the more attractive suggestion. 
The case-c states of (2) and (3) are as follows : 


— 2,1,1,0+,0- (2) 
62x * —- 3.2.2.1.1,1.0+.0+, 0-,0- (3) © 


—1-—* 
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Table 1. SUMMARY OF CONSTANTS FOR **8PbO 

State To We Tete Be 10° ae re A. Notes 
E 0+ 34680 [440] - 02382] {1-4] 2°18, 1 

D 1 30464 5305 292 02711 31 2046 2 
( l 25720 [475] 0-248 1s 2-14 2,3 
c OF 624108 [534] 0-254 4 211 4 

B 1 22531 493-4, 02646 2-6 2-070, 2 

4 HA 20088 451-7 3°33 2586, 1-3, 2-095, 

X 0 0 721-8 3:70 0-3073- 2-13 1-921, 


(1) There are strong perturbations in state £, so that the constants 
for this state are uncertain. The values of v’ for this system have 
been increased by 1, following a study of the isotope effect. 

(2) Perturbations in R, P and Q branches at about the same value 
of J’ are observed in some of the levels of B, C’ and D. The form ot 
these suggests that they are caused by one or more 2 = 2 states. 

3) The system C’ — X was observed by Howell (ref. 9) as a single 
= 0 progression. 

(4) The values of v’ for the ¢ X system have been increased by 
© following a study of the isotope effect. 


{ 
t 


If these are all bound states. there are predicted three 
absorption systems 0+ — NX and five systems 1 ~~ X. 
The 0- and 2 states would be identifiable in the 
absorption spectrum only through interactions with 
the Q = 1 states. The number and the character 
of the excited states so far observed suggest that their 
interpretat ion as Case-c states may be the correct one. 
It is hoped that work, now in progress, of the numer- 
ous perturbations in these systems will help to 
elucidate this problem. 
R. F. Barrow 
J. L. Deutscu 
D. N. Travis 
Physical Chemistry Laboratory, 
University of Oxford. 
* Mulliken, R. S., The Threshold of Space, 
1957). 
* Vago, E. E., and Barrow, R. F., 
* Barrow, R. F., Deutsch, J. L., Lagerqvist 
(in the press). 
‘ Lagerqvist. A., Nilheden, G., 
A, 65, 419 (1952). 
’ Nilheden, G., Ark. Fys., 10, 19 (1955). 
* Barrow, R. F., and Rowlinson, H. C.. 
(1954). 
*Herzberg, G., Molecular Spectra and Molecular Structure. 1. Spectra 
of Diatomic Molecules (New York, 1950). 
‘Christy, A., and Bloomenthal, 8.. Phys. Rev., 35, 46 (1930). 
* Howell, H. G., Proc. Roy. Soc., A, 153, 683 (1936). 


edit. by Zelikoff (London, 


Proc. Phus. Soe., 68, 538 (1946). 
A.. and Westerlund, B- 


and Barrow, R. F., Proce. Phys. Soc., 


A, 224, 374 


Proc. Roy. Soe., 


Kirkendall Effect in Gases 

AN experiment has been described! in which the 
motion of fine particles of ammonium chloride smoke 
in a diffusing gas mixture was considered evidence 
for a Kirkendall effect in gases. Only a rough semi- 
quantitative interpretation could be given at the time 
in terms of the usual phenomenological theory of the 
Kirkendall effect. Subsequent theoretical and experi- 
mental work?:? on gaseous diffusion has shown that 
the phenomenological theory cannot be correct for 
gases, but that the classical kinetic theory of gases is 
capable of accounting for the phenomenon quanti- 
tatively. We wish to point out that it is now possible 
to give a quantitative interpretation to the previous 
measurements. 

The experimental results may be summarized in 
terms of the usual intrinsic diffusion coefficients. The 
observed motion of the finest particles of the smoke 
corresponded to a difference of intrinsic diffusion 
coefficients of (D, —D,) ~ 0-63 cm.?/sec. for 1=CF.Cl, 
and 2 = H, at 20° C. and 1 atm.. in the absence of 
gravity. This value is probably an upper limit, since 
the necessary correction for the rate of sedimentation 
of the smoke particles under gravity appeared to be 
somewhat too large as it was made. 
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If the smoke particles are much larger in diameter 
than the mean free path of the gas molecules, they 
should drift with the bulk velocity (that is, the mass 
average velocity) of the diffusing gas mixture and 
thus act as true Kirkendall markers. In this case the 
difference of the intrinsic diffusion coefficients is 
given by equation (23) of reference 2, and can be 
written as : 


my Ms 


D, — D, D,s (1) 


2m, + 24M, 
where the m’s are the molecular masses, the 2's are 
mole fractions, and D,, is the interdiffusion coefficient, 
which has been found? to have a value of 0-38 em.?/sec. 
Taking v, 2s 1/2 (at the diffusion boundary), we 
calculate from (1) that (D, — D,) = 0-73 em.?/sec. 
This is larger than the experimentally observed upper 
limit of 0-63 em.?/sec., so the smoke particles cannot 
be regarded as true Kirkendall markers. 

If, however, the smoke particles are smaller in 
diameter than the mean free path, their behaviour is 
different, and the theory for such a case has been 
given by Waldmann‘. According to his equation 
(7.20), the particles move with a velocity correspond- 


ing to: 


m,1/2 — m,'/? 


Dy. 


dD, dD, (2) 


rym? Zym,*!* 
from which we calculate (D, — D,) = 0-59 cm.*'sec. 
This is in good agreement with the observed upper 
limit. In equation (2) we have assumed that 
Waldmann’s coefficients of diffuse scattering of the 
gas molecules from the smoke particles were equal to 
unity, which is in accord with experiment®. It is 
apparent that the finest smoke particles are probably 
smaller than the mean free path. This is physically 
reasonable, since the relevant mean free path in the 
experiments was of the order of 0-1u. 

Although the smoke particles were thus not true 
Kirkendall markers, they could have been used as 
such, since their velocity was proportional to the bulk 
velocity. although not equal to it. From equations (1) 
and (2) the relation is : 


m,—m, Vfr,m,'? Xm ,_*!*7 , 
ae as v(smoke) (3) 
Lm,''?—m,'*#)L 2m, + 2m, 
or 
v = [1 2(m my)! 72 /(m, ms)] (smoke), 


if x, zs, (4 


where « is the mass average (bulk) velocity and 
«(smoke) is the velocity of the smoke particles. 


E. A. Mason 
Institute for Molecular Physics. 
University of Maryland, 
College Park, Md. 
L. MILLER 
P. ¢. Canaan 


National Chemical Research 
Laboratory. 
South African Council for 
Scientific and Industrial 
Research, 
Pretoria. 
' Miller, L., and Carman, P. C., Nature, 186, 549 (1960). 
2? McCarty, K. P., and Mason, E. A., Phys. Fluids, 3, 908 (1960). 
* Miller, L., and Carman, P. C., Trans. Farad. Sec. (to be published). 
‘Waldmann, L., Z. Naturf., 14, a, 589 (1959). 
5 Schmitt, K. H., Z. Naturf., 14, a, 870 (1959). 





ENGINEERING 

Effective Contact Stresses and Friction 

THE earliest statement concerning statical frictional 
forces between rigid bodies is usually attributed to 
Coulomb (about 1776). The principle of Coulombic 
friction is that the force (/) required to generate 
translation of one body relative to another is directly 
proportional to the external force (W) transmitted 
across the contact plane, so that: 


F=yW (1) 
where u is the coefficient of (static) friction. 
In 1956, Bowden and Tabor! published their, now 


well-established, concept of asperity contact giving 
rise to plastic junction. According to Bowden and 
Tabor the frictional force (/) is a product of the total 
area of the junctions (4j) and their shear strength 
(Sj), hence: 

F = AjSj (2) 
and it was further postulated that the area (A) is 
given by the normal force (W) divided by the flow 
pressure (p) so that: 


W = pAj (3) 
and thus 
F - S) 
2 = p (4) 


and it has been found that for most metals the co- 
efficient u is independent. of the normal load. 

The purpose of this communication is to direct 
further attention to equation (3). 

Terzaghi? was the first to state the law of effective 
stress in relation to inter-particle contact in a two- 
phase medium. Terzaghi’s effective stress law states 
that the effective stress (c') is given by: 
u) (5) 
where o is the applied (external) normal stress and 
u is the positive hydrostatic pressure in the fluid 
surrounding the ‘solid’ particles. 

This law entails two basic assumptions: (i) that a 
continuous surface exists which passes through the 
contacts between particles; (ii) that the area of con- 
tacts (plastic junctions) is insignificant compared 
with the total area of the continuous surface. 
Experimental work in the field of soil mechanics has 
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Fig. 1. Effective stresses at a contact. a = A/N = effective 


area per contact; NV, No. of contacts 
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established the validity of this law within practica| 
limits’. 

Following a study of clay structure during recent 
years! [ have extended equation (5) to take account 
of surface activity between proximate particles, and 
the effective stress equation now takes the form: 


o' = (o — u + op) (6 


i 8] 


where 0 is the effective stress component derived from 
surface forces. 
Consider the simplified system shown in Fig. 1. 
The force R transmitted across the junction is made 
up of three parts. 

R Ww 
assuming that ¢, the resultant of all surface physico. 
chemical effects (for example, Van der Waals forces, 
double-layer repulsions, primary or _ secondary 
valence bonds at the junction), attractive in 
character. 

Then according to the Bowden—Tabor concept the 


= — u.d. + 9.4. (7 


is 


frictional force (F')) required to shear the junction is: 


Fj) = uR 
thus: 
- Ww 
Fj = DN > Ua + ¢.a. (8 
Ww uA A 
= N _ “N + c N 


The total frictional or shear force (F’) is then given 
by: 


N N 
F=S Fj =SyuR=NuR 
j=l jel 


It follows that the shear stress (S) is: 


_ * we 
Ss = "q 24 uk 
Ni (W_ wd A) 
=A°\N- Wt Pw 
= uL(o -—-u= e) (9) 


that is, the shear stress, on the basis of the assump- 
tions given, is independent of the number of asperities. 

Equation (9) is the effective stress expression 
governing friction in pure systems, that is, those where 
the junctions are all physically and chemically alike. 

For composite materials, such as soils, the » term 
is conventionally replaced by the term tan g, 
(Hvorslev. 1957), where 9- is called the angle of 
internal friction or alternatively tan ge is the co- 
efficient of macro-fraction and is a statistical mean of 
the component micro-friction effects®. 

Although equation (9) was derived with clay- 
water-electrolyte systems principally in mind it is 
thought to be of more general application. For 
example, if both u and p are effectively zero we 
have the condition of Coulombic friction applicable 
to dry granular materials; at the other end of the 
scale we may have conditions where both o and u are 
insignificant compared with p, as with the internal 
structure of metals and certain adhesives. This 
latter concept may even be extrapolated to the 
inter-atomic level in the solid state. 

Yet another possible application concerns lubrica- 
tion. If, for the present, viscosity effects are neglected, 
then for invert surfaces (¢ 0) the condition of ‘dry 
friction is obtained when p = 0, even though fluid 
may be present and the necessary condition for 
hydrodynamic friction is thats = u. Between these 
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two extremes there is a range of u values, the actual 
value of uw and therefore that of the apparent co- 
efficient of friction being dependent on the ambient 
conditions. 

This latter approach is at present being considered 
in a study of high-speed skidding characteristics in 
relation to airfield pavements. 

>. Hi. 
Civil Engineering Departmont, 
University of Melbourne. 
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CHEMISTRY 


Quantitative Estimation of Peak Areas 
in Gas-Liquid Chromatography 

QUANTITATIVE estimation of peak areas on gas- 
liquid chromatograms has been carried out by a 
variety of methods, which include triangulation, 
cutting out the peak areas and weighing the cut paper. 
planimeter tracing and use of an integrator built into 
the recorder. A new method recently proposed by 
Bartlet and Smith! is based on evidence that the 
peaks obtained with a well-designed chromatograph 
closely approximate a normal or Gaussian distribu- 
tion curve. 

The equation for this type of curve is given as : 


¥ =——— e -4 (X}0)" (1) 


where Y is the height of the curve measured at a 
distance x from the mean. A is the area and oa is the 
standard deviation. At the mean or central peak of 
the curve x = 0, Y = h or peak height and equation 
(1) becomes : 


A 
h=— (2) 
o4/2n 
or A = 2-507 ho (3) 


The peak height h may be measured directly from the 
chromatogram and the standard deviation ¢ may be 
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obtained from the peak width w at various heights 
since w = o at 0-882h, w = 26 at 0-607h. w = 3o at 
0-3244 and w = 46 at 0-134h. The area under the 
curve may therefore be calculated from equation (3). 

Bartlet and Smith also showed that o is a linear 
function of the retention time tp, and this has been 
confirmed in our studies with fatty acid esters. It is 
thus evident that the product of peak height and 
retention time may also be used as a measure of peak 
area. This is much better than using the product of 
peak height and standard deviation, since retention 
times are normally measured in any event and can be 
obtained with greater ease and precision than the 
standard deviations of the peaks. 

The product of peak height and retention time was 
suggested by Pecsok as a measure of peak area®, but 
no theoretical or experimental proof of its validity 
was provided and it does not seem to have been used 
very widely. The method was therefore compared in 
our Laboratory with the paper weighing and triangu- 
lation methods, using chromatograms of mixtures of 
fatty acid esters. Examples are shown in Table 1. 
Although the results obtained with the new method 
are not in perfect egreement with those of the other 
methods, they are nevertheless adequate for most 
biological studies, and the convenience of using the 
new method makes it very useful for routine analytical 
work. 

In applying this method to peaks which are only 
partially resolved, it should be noted that the 
measured peak heights will be higher than the true 
peak heights by amounts which are determined by the 
degree of overlap and by the relative amounts of the 
components. A correction for this may be obtained by 
application of equation (1) as shown by Bartlet and 
Smith. Alternatively, if pure samples of the over- 
lapping components are available. they may be 
chromatographed individually and correction factors 
obtained by direct measurement. In practice, the 
correction factors are very small, even for peaks with 
serious overlap, and although successive corrections 
are theoretically required, they are rarely, if ever, 
needed. 

The present method of determining peak areas has 
an advantage over the paper-weighing method in that 
it allows the chromatogram to be saved for future 
reference. It is less laborious than triangulation and 
gives more reproducible results since it avoids the 
subjective variation involved in the drawing of 
triangles. It may also be noted that the units of 
measurement are unimportant as long as the same 


Table 1. QUANTITATIVE ANALYSIS OF FATTY ACID ESTERS 


























Weighing method Triangulation method Present method 
Wt. of + height Retention 
Shorthand cut-out x base Peak height | _ time (tz) 
Fatty acid methyl esters | designation | area (mgm.) per cent (mm.?) per cent (hk) (mm.) | (min.) per cent 
Palmitate | (16:0) 3 14-8 504 5-5 5:8 14-5 
Oleate | (18:1) 5 | 26-8 900 7 | 122 28-4 
Linolenate | (18:3) 7 37-7 1215 7-4 18-9 38-8 
Behenate | (22:0) 3 20-7 630 9-4 39°8 18-2 
Palmitate (16:0) 8 15°0 635 5:7 5°8 15:1 
| Stearate | (18:0) 2 33-3 1341 3:1 11-0 32:1 | 
Linoleate (18:2 ‘1 33-7 1392 34-4 105°5 14°8 35°5 | 
Erucate } 22:1) 5 18-0 680 16-8 75 435 73 
From corn oil* (16:0) 5-6 22-6 440 | 21-9 92-9 50 21 7 | 
(18:1) | 5-6 40°3 805 40-1 80°5 10°5 39°7 | 
(18:2 0 37:1 763 38-0 64-2 12-8 386 
| From rat plasma (16:0) 3 44-6 R85 45-0 162-5 5-0 44-7 
triglycerides* (18:1) 0 38°8 752 38°3 67 10-4 38-3 
(18:2) | 0) | 16-6 328 16-7 24-5 12-6 __ 176 | 








Fatty acid esters were separated on a 6 ft. column packed with butanediol succinate (Czaig ester) on Chromosorb W (1 : 4). 


A Barber-Colman 


chromatograph with a radium source for the ionization detector was employed. The column was operated at 200° and the flash heater and cell 


bath at 255°. Argon at 20 Ib./in.* flowed at the rate of 150 ml./min. 
* Minor peaks were not included in these calculations. 
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units are used for each component of the mixture. 
Thus, in the examples given, peak heights were 
measured in mm. and retention times in minutes. The 
convenience of this method and the probability that 
further improvements in instrumentation will give 
curves more closely approaching the Gaussian distri- 
bution curve suggest it as a method of choice for 
future quantitative work in gas-liquid chromato- 


raphy. 
graphy K. K. CARROLL 


Collip Medical Research Laboratory. 
University of Western Ontario. 
London, Ontario. 
' Bartlet, J. C., and Smith, D. M., Canad. J. Chem., 38, 2057 (1960), 


* Peesok, R. L., Principles and Practise of Gas Chromatography, 145 
(John Wiley and Sons, Inc., New York, 1959). 


Compressibility and Specific Evaporation 
Resistance of the Monolayers of Long-Chain 
Alcohols and Glycol Monoalky! Ethers 


THE monolayers of long-chain compounds such as 
cetyl and stearyl alcohols are being used extensively 
to minimize the loss of water by evaporation in reser- 
voirs'. Permeability of water vapour through a 
monolayer depends on, among others, the magnitude 
of the van der Waals type of cohesive forces of the 
film molecule with its neighbours, and on the adhesive 
force between the monolayer and the water sub- 
phase. Further extension of the »-alkyl chain and/or 
suitable modification of the terminal polar group 
would, therefore, make a monolayer more effective in 
reducing evaporation. 

In view of various such considerations as structural, 
stereochemical and spreading property, and economic 
availability, we have been restricted to the C,,—C,, 
n-alkyl compounds and prompted to modify and thus 
increase the interaction of the polar end-group with 
the water sub-phase. Accordingly, we synthesized a 
series of glycol monoalkyl ethers, R-OCH,CH,OH 
(R being an n-alkyl chain containing 16-22 carbon 
atoms), and reported? their superior water evaporation 
resistance behaviour compared to the alcohols. This 
communication describes the preliminary results on 
the compressibilities and the specific evaporation 
resistances of the monolayers of these as well as those 
of the alcohols for comparison. 

The preparation and purification procedures of the 
compounds used were indicated earlier?. The melting 
and softening point, micro-analysis, infra-red analysis 
and, in addition, equilibrium surface pressure® of the 
film spread from solid particles were used as criteria 
of purity. Monolayers were formed from solutions in 
A.R. distilled (60—80° C.) petroleum ether on a clean 

surface of double-distilled water in an _ all-glass 
Langmuir trough. The film was compressed by means 
of a paraffin barrier and the pressure was measured 
with a horizontal film balance. 

From a study of the pressure/area isotherms, it has 
been observed that, initially, after a region of very 
low pressure (~ 1 dyne/em.) the film is transformed 
into a so-called liquid condensed state. On further 
compression, the pressure rises steeply due to the 
formation of a highly non-compressible, compact film 
in the solid state. The transition pressures for liquid 
condensed to solid state vary from 10-25 dynes/em. 
in the case of alcohols and 25-35 dynes/em. in the 
case of glycol ethers when the chain length is increased 
from C,, to C,,. The calculated compressibility data 

fl daAN 


k= - —— ) are given in Table 1. 
A dz 


Table 1. COMPRESSIBILITY (25° C.) 


Liquid Liquid 
condensed Solid Glycolmono- condensed Solid | 

n-Alcohol state state alkyl ether state state 
« 10° &x 10 kx 10° |k x 10 
i inte 
Cis 543 13-22 Cis 7-36 12-82 
Cis 5-03 6-30 Cras 7°29 782 

c. $59 7-09 Ca — 
Ces 1-93 6-97 Css 5-02 6-98 





The results for the C,, and C,, n-alcohols are jn! 
agreement with the reported data‘. It is noticed that 
the liquid condensed state is more compressible than 
the solid state. However, the films formed by the 
glycol ethers are significantly more compressible than 
those of the alcohols in the liquid-condensed state, 
which may be attributed to differences in the dipok. 
repulsion property and the geometry of the polar 
end-groups in the two series. 

Following the method developed by Langmuir » 
al.’ the specific resistance (v) of the film was 
evaluated from the expression : 


v=| A(w-w,) pa —| A(u-w,) — 
L M_, L M_ 
film no film 
where A is the area of the desiccant (lithium chloride 
exposed; w and wo, the concentrations of water 
vapour in equilibrium with water and desiccant 
respectively ; M, the mass of water absorbed by the 
desiccant in time ¢ sec. The temperature of the 
desiccant as well as of the water surface were measured 
by using thermistor probes through a d.c. bridge 
circuit. All the precautions prescribed by La Mer et al.’ 
were taken. The results obtained at 25° C. at different 











surface pressures are given in Fig. lL. 
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The results for C,, and C,, -aleohols are in agree- 
ment with reported data®:’?. It is seen that, at lower 
pressures up to 16-18 dynes/cm., the resistance in all 
cases is very low (~1 sec./em.). However, y in- 
creases rapidly at higher pressures and also with the 
increase in the length of the chain. In the expanded 
condition of the film in the low-pressure region, the 
interaction between film molecules is very weak. 
requiring little energy to create a hole for the water 
molecule to escape. However, strong interaction 
between them is indicated by the sharp rise 0! 
pressure with further decrease in area when the 





str 
cor 
car 
me 
the 
ene 
hig 
are 
mo 
ele 
sug 
ove 
of | 
aris 
sen 
pro 
str 
eles 
triy 





Is are in' 
iced that 
ible than 
i by the 
ible than 
ed state. 
e dipok. 
he polar 


omuir ef 
ilm was 


O film 


chloride 
of water 
lesiccant 
d by the 
> of the 
neasured 

bridge 
[er et al.’ 
different 








L agree- 
it lower 
e in all 
v in- 
vith the 
panded 
on, the 

weak. 
e water 
‘raction 
rise of 
en the 


July 22, 1961 


formation of continuous, close-packed film starts 
through vertical orientation of. and strong inter- 
molecular cohesive binding between, the long chains. 
The observed increase of v with the length of the 
chain in both the series is due to an increase in the 
cohesive binding between the film molecules, and 
hence the increase in the activation energy required 
a hole in the film. 
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to create 


It is interesting to note that. between the two 
series. the y-values in general are lower for the 


glycol ethers (shown as R-OEtOH in Fig. 1) than for 
the corresponding alcohols at the same pressure, and 
this is in accordance with the fact that compressible 
less effective. After about 30-40 dynes cm, 
pressure. however, the C,,- and C,,-glycol ethers 
exhibit higher v-values than the alcohols and this 
fact supports our observations reported earlier*, that 
the glycol ethers are better retarders of evaporation 
than the alcohols at high (equilibrium) film pressure 
conditions. 

That the superior performance of the glycol ethers 
compared with the corresponding alcohols may be 
ascribed to higher rate of spreading (surface solution 
of the ethers being greatly facilitated due to the 
greater interaction of the polar end with the water 
higher equilibrium film pressure in the 
and greater adhesive 
will be dealt 


films are 


sub-phase ), 
significant temperature-range, 
interaction with the water sub-phase, 
with in a separate communication. 
A. V. DEo 
S. B. KULKARNI 
M. K. GHARPUREY 
A. B. Biswas 


National Chemical Laboratory, 
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Electronic Properties of Imidazole 


THE existence of semiconduction has been demon- 
strated in a variety of different classes of organic 
compounds such as condensed aromatic hydro- 
carbons, charge-transfer complexes, pyrolized poly- 
mers, and stable free radicals. With few exceptions, 
the electrical conductivities are small, and the 
energies of activation for the conduction process are 


high. But the fact that even small conductivities 
are displayed suggests that some kind of inter- 
molecular interaction takes place which, in an 


electric field, gives rise to electronic conduction. It is 
suggested that this interaction is molecular orbital 
overlap. The extent of orbital overlap is a function 
of molecular structure and hence, if semiconduction 
arises from such overlap, it is not surprising that 
semiconduction activation energies correlate with 
properties which are also a function of molecular 
structure, such as the molecular ionization energy, 
electron affinity, and excitation energy of the ground- 
triplet state transition’. One of the entities which 
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influences these properties is the number of (the more 
easily polarizable) x-electrons. As the number of 
these increases in a conjugated system, there is a 
trend toward smaller activation energies of conduce- 
tion, indicating that the probability of achieving 
overlap is enhanced by the presence of a large number 
of x-electrons. However, if the overlapping of molecu- 
lar orbitals gives rise to semiconduction, then any 
other factors which contribute to such overlapping 
should also encourage semiconduction, even if only 
few m-electrons are present in the individual molecule. 
Since intermolecular hydrogen bonds may provide 
such overlap, it might be expected that activation 
energies in hydrogen-bonded compounds should be 
lower than anticipated solelv on the basis of the 





number of =-electrons. 

108" ° 
E 10"° 
= 
Z 
= 
= 10° 
= 
Ra 
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10° i l sii 3 i i i 1 i a. 
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1/T x 10 
Fig. 1 ro resistivity of imidazole. ©, run 2, 720 V.jcem.; 
run 3, 72 V./em.; (©), run 4, 72 V./em. 


Supporting evidence for this view has now been 
found in a study of the resistivity of imidazole. 
Imidazole is extensively hydrogen-bonded as adduced 
from its relatively high melting and boiling points 
and from its spectra. In the present work. imidazole 
was purified by several recrystallizations, distillation 
at reduced pressure, and zone-refining. The resistivity 
was measured as a function of temperature on a 
compacted polycrystalline sample with the results 
shown in Fig. 1. The energy gap computed from the 
equation ep = p, exp(£/2kT) was 2-6 eV. in the 
temperature range of 28—66°. Slightly higher resistivi- 
ties were obtained at a higher potential stress ; it is 
not known whether this is a significant effect. 
Energy gaps ranging between 2-8 and 3-0 eV. were 
obtained on several other samples which had not 
been as rigorously purified. 

Energy gaps of compounds which contain only four 
m-electrons are not available for comparison with that 
of imidazole (which also contains four z-electrons). 
The energy gap of benzene (which contains six z- 
electrons) has not been experimentally determined 
but has been estimated* as approaching 5 eV. If 
the number of conjugated =-electrons were the sole 
factor which determines the energy gap, one might 
have expected that of imidazole to be much greater 
than the experimentally found value of 2-6 eV. It is 
concluded that the orbital overlap provided by 
hydrogen-bonding effectively facilitates semicon- 
duction. 

We thank Messrs. E. J. McGowan and J. Howard 
for valuable technical assistance. This research was 
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Formation of Boron Nitride in 
Diborane-Hydrazine Flames 


ALTHOUGH reactions of metals 
nitrogen compounds leading to 
known!, the literature 
descriptions of flames from the reaction between boron 
hydrides and nitrogen hydrides (ammonia. hydrazine). 


with nitrogen or 
nitrides are well 


This communication reports a steady-state flame of 


diborane and hydrazine. in which the reaction 
products consist principally of boron nitride and 
hydrogen, according to the reaction B,H, N.H,-~> 
2BN — 5H,,. 

Even though the value of the heat of formation of 
boron nitride is not fully established (27-32 keal./mol. 
in ref. 2. 60-2 keal./mol. in ref. 3) the 
reaction is sufficiently exothermic for it to proceed 
without difficulty. Examination of this system is 
complicated, however. by a rapid gas-phase reaction 
of boron hydrides with ammonia, hydrazine or amines, 
leading to a variety of solid ‘adducts’, which prevents 
premixing of the components prior to combustion. To 
overcome this problem a novel burner was construc- 
ted, consisting of a closely spaced array of capillaries 
(Fig. 1) by means of which a ‘multi-diffusion’ flame is 


established in a laminar mixing zone. This type of 


above 


burner is of general utility for combustion studies in 
which premixing of components is impractical or 
impossible, but where it is desirable to investigate the 
approaching 


reaction products from flames the 


premixed state. 
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Fig. 1. Schematic diagram of capillary multidiffusion burner. 

a, Cross-section, showing arrangement of separate feeds for two 

incompatible gaseous components; 6, top view; c, details of 

capillary assembly. Symmetrical assembly of tubes is essential 

to provide uniform gas flow at top of the burner. Metal shims 
are used as spacers between rows of capillaries 
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VoL. 191 


Transmission (per cent) 





Wave-length () 


a, solid reaction products from the 

B,zH,—N,H, flame; 06, boron nitride; c¢, diborane-hydrazine 

adduct (Callery Chemical Co.). The arrowed absorption bands 
in a are due to the presence of small amounts of adduct 


Fig. 2. Infra-red spectra of 


To achieve the boron nitride reaction a flat hydra. 
zine decomposition flame is established first (requiring 
thermostatting the burner and fuel-feed above 100° ( 
to obtain an adequately high hydrazine vapour 
pressure). Subsequent addition of diborane through 
the separate feed system leads to a flame with copious 
evolution of solid reaction products consisting 
predominantly of boron nitride. As shown by infra. 
red (Fig. 2) and chemical analyses only small amounts 
of bound hydrogen appear as impurity in the solid. 

By measurement of the flame temperature and the 
composition of the products of combustion an inde- 


pendent value for the heat of formation of boron ' 


nitride is being obtained. 


This work was carried out under contract NOrd 
7386 of the U.S. Navy. 
W. G. BERL 
W. E. Witsonx 


Applied Physics Laboratory, 
The Johns Hopkins University. 
Silver Spring, Maryland. 
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Supp., 159 (Verlag Chemie, Weinheim, 1954). 
Galchenko, G. L., et al., Proce. Acad. Sci. U.S.S.R. (Chem. Section) 
127, 635 (1959) (English translation, Consultants Bureau, Inc.) 
* Parry, D. W., et al., J. Amer. Chem. Soc., 80, 4 (1958). Emeléus 
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Determination by Mass Spectrometry of the 
Structure of Proline Derivatives from Apples 


Hulme! and Urbach? independently isolated a new 
amino-acid from apples. and the isomeric structures 
I? and II':3 were proposed for these substances on the 
basis of elemental analysis. colour reactions and 
chromatographic properties'-*. The infra-red spectra 
of these compounds proved to be superimposable, and 
this indicated that the compounds were identical, but 
it did not permit a decision between the alternative 
structures?. 
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It seemed that this problem could now be resolved 
by mass spectrometry, a method recently introduced 
into amino-acid chemistry**. Therefore, small samples 
of the original isolates were procured from Dr. A. C. 
Hulme and Mrs. G. Urbach, respectively. For these 
samples we are grateful. 

The ethyl esters of the two compounds were 
prepared by treatment of 1 mgm. of each substance 
with boiling ethanolic hydrochloric acid and by 
conversion of the product into the free ester’. The 
mass spectra of the ethyl ester of the two compounds 
Fig. 1) were identical in every respect : this corro- 
borated the presumed identity* of the two amino- 
acids which had been isolated independently. 

The mass spectra exhibit a very intense peak at 
mie 100 due to loss of the carbethoxy group (73 mass 
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units) from the molecule, the molecular weight of 


which is 173. This evidence relates to the structure I, 
and this conclusion is also supported by a peak at 
mass 174, which exhibits the characteristics of an 
M + 1 peak‘. An appreciable peak is also found at 
mass 31 (CH,OH) and at mass 142 (M — 31), which 
ean be reconciled only with the structure I. By 
contrast, one would expect from structure II a 
considerable peak at mass 158 (M — 15), but none 
at 31 and 142, because the loss of the methyl group 
would lead to a carbonium ion which would, in turn, 
be well stabilized by the high degree of substitution 
as well as the oxygen atom. 

Furthermore, it is now possible to deduce the 
stereochemistry of this amino-acid, because the mass 
spectrum of the ester remains substantially un- 
changed after the sample is kept for 30 min. in the 
hot (140° C.) inlet system of the mass spectrometer. 
A substance with the cis-configuration of the carb- 
ethoxy- and hydroxy-methyl groups should, under 
these conditions, undergo lactone formation at least 
in part: because this does not occur, the trans- 
structure Ia is assigned to this compound. By the 
same argument, the otherwise possible structure II] 
is eliminated, because such a substance in the form 
of its ester should lactonize readily under the con- 
ditions specified, whether the configuration is cis or 
trans. 

The assignment of the optical configuration is, of 
course, not possible from these experiments, and this 
must await the final correlation of this amino-acid 
with proline (presumably t-proline). 

After the work described, one of us (F. C. 8.) learned 
through correspondence (letter of January 5, 1961) 
that Dr. G. W. Kenner and Dr. L. F. Burroughs had 
examined a sample identified with that of Hulme! and 
concluded that ‘“‘this turns out to be a hydroxymethyl] 
compound rather than a methylhydroxy derivative of 
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from apples. Peaks above mass 115 are enlarged 40-fold. 
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Mass spectrum of the ethyl ester of the proline derivative isolated by Hulme 
All peaks of > 1 per cent of 
the intensity at m/e 100 are shown below mass 116 and of > 0-05 per cent above mass 116. 
The spectrum of the compound isolated by Urbach was indistinguishable from that shown 
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proline, and we hope to correlate it with methyl 
proline’. Therefore, the identity of these compounds 
as the trans form of 4-(hydroxymethy])-proline is now 
established. 


K. BreMann 
G. G. J. DerFNER 


Department of Chemistry. 
Massachusetts Institute of 
Technology, 
Cambridge, Massachusetts. 
F. C. Srewarp 

Department of Botany, 

Cornell University, 

Ithaca, New York. 
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Determination of Lead in Urine by 
Atomic Absorption Spectroscopy 


Most methods for the determination of traces 
(0-01-1 p.p.m.) of lead in urine require prior removal 
of organic matter and concentration of the lead by 
ashing. These methods have several drawbacks : 
the time required for ashing; possible interference 
from other metals such as bismuth ; and the need for 
careful purification of a variety of reagents to keep 
the blank reading at a reasonably low level. 

Several methods have been described in which the 
lead is co-precipitated with calcium oxalate and 
estimated colorimetrically! or polarographically?. 
However. it is doubtful whether much time is saved 
thereby, and there is evidence* that under these 
conditions lead is not completely precipitated from 
urine, especially where the patient has been treated 
with complexing agents such as ethylenediamine- 
tetraacetic acid or 2,3-dimercaptopropanol. 

Allan‘ has recently shown that trace quantities 
of copper in soils and plant ash can be determined 
by extraction with a chelating agent into an organic 
solvent and spraying this solution directly into the 
burner of an atomic absorption spectrophotometer. 

I have found that lead can be quantitatively 
extracted from urine by ammonium pyrrolidine 

dithiocarbamate® and methyl n- 

amyl ketone at a pH sufficiently 

low (1-5-4-5) to avoid precipita- 

tion of the phosphates. The lead 

may thus be concentrated by a 

factor of 100 or more and determ- 

ined by spraying the ketone 

solution into the 10-cm. air-coal 

gas flame of the atomic absorp- 

tion spectrophotemeter described 

73 by Box and Walsh*. The absorp- 

tion of the lead line at 2833 A. is 

measured and the instrument is 

calibrated by extracting and meas- 

uring a similar quantity of urine 

to which a known amount of 
lead has been added. 
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Since we are concerned only with the concentration 
of lead in the ketone phase the partial emulsification 
which invariably occurs does not affect the accuracy 
of the determination. After shaking with ammonium 
pyrrolidine dithiocarbamate and methyl »-amy! 
ketone the urine is allowed to stand for 5 min., and 
most of the lower layer is discarded, the last 5 ml. 
or so being transferred, together with the upper 
layer and the emulsion at the interface, to a centrifuge 
tube. After centrifuging for 5 min. a partial separa- 
tion of the layers occurs ; the upper layer is removed 
with a fine Pasteur pipette and the remainder of the 
liquid stirred thoroughly and centrifuged again. 
The upper layer is pipetted off once more, and the 
combined quantities are sufficient for a measurement. 

Table 1 shows the recovery of added lead from 
normal urine, while Table 2 compares the results 
obtained for pathological specimens by the dithizone 
method and the atomic absorption technique. It 
will be seen that the results of the new method are in 
satisfactory agreement with those of the classical one. 


Table 1. RECOVERY OF LEAD ADDED TO NORMAL URINE (P.P.M.) 


Added Recovered 
0-10 0-10 
0-20 0-21 
0-30 0-27 
0-40 O-41 


0-50 0-56 

50 mil. of urine (pH 4) containing the added lead was extracted 
with 0-5 ml. of 4 per cent ammonium pyrrolidine dithiocarbamate 
and 1:5 ml. methyl n-amy! ketone. Similar specimens to which 15 agm. 
of lead had been added were extracted in the same way to serve as 
standards. 
Table 2. COMPARISON OF COLORIMETRIC AND ATOMIC ABSORPTION 
METHODS FOR DETERMINATION OF LEAD IN URINE 


Lead content (p.p.m.) 
Specimen No. Colorimetric Atomic absorption 


0-04 


1 0-03 

2 0-04 0-07 
3 0-06 0-07 
4 0-07 0-07 
5 0-18 0-14 
6 0-26 0-28 
7* 076 0-72 

*From a patient undergoing treatment with ethylenediamine- 


tetraacetic acid. 


The atomic absorption method is particularly 
well suited for the measurement of very low lead 
concentrations (<0-l p.p.m.) as it is specific for 
lead and yields a negligible blank value. By using 
larger volumes of urine (100-200 ml.) it is possible to 
measure a lead concentration of 0-02 p.p.m. with a 
standard deviation of 0-002 p.p.m. 

The method is also applicable to other heavy 
metals and indeed zine and cadmium, for which the 
detection limit in aqueous solution is about 0-03 
p.p.m.”, can be determined by direct measurement 
on the urine itself without prior extraction. 

[I am indebted to Dr. Alan Bell and Mr. Graham 
Blanks for supplying the pathological specimens 
and for measuring their lead contents colorimetrically. 

J. B. WiItuts 

Division of Chemical Physics, 

Chemical Research Laboratories, 
Commonwealth Scientific and 
Industrial Research Organization, 
Melbourne, 
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(1960) 
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Electrophoretic and Immuno- 
electrophoretic Patterns of Extracellular 
Diphtheria Proteins from Culture Filtrate 

of Different Iron Concentrations 


IN cultures of Corynebacterium diphtheriae th, 
toxin is produced only within a relatively narroy 
range of iron concentration. Excess of iron inhibits 
toxin formation, but the mechanism of this pheno. ' 
menon is not explained. Toxigenicity is strictl 
associated with the presence of prophage in diphtheria 
bacillus cells. and it has been recently suggested that 
iron probably affects toxin production by causing 
induction of the prophage-host system'. At iron 
excess a certain amount of atoxic, extracellular 
protein is found in the culture filtrate, but their 
physico-chemical and immunological properties are 
little known. A closer characterization of these com. 


ponents, which will be hereafter referred to as 
‘Fe-proteins’, appears useful for work on toxin 
formation. 

Paper electrophoresis has shown extracellular 


diphtheria proteins to constitute a complex system, 
comprising at least six fractions, for which the follow- 
ing nomenclature has been proposed?: fraction D. 
amounting to about 65-80 per cent, more rapid 
fractions p, and p,, and three fractions slower than 
D, namely : ¢,, 6,, and o, (Fig. 1). Diphtheria toxin, 
that is, the factor endowed with lethal and dermo-. 
necrotic properties, is localized in the cathodic part of 
fraction D. 

The electrophoretic pattern of ‘Fe-proteins’ has 
shown striking difference as compared with the’ 
pattern of extracellular proteins obtained at iron 
concentration optimal for toxin production (Fig. 2). 
It is characterized by a strongly diminished content 
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Fig. 1. Electrophoretic and immuno-electrophoretic patterns of 
extracellular diphtheria proteins obtained at iron concentration 
optimal for toxin production. Preparation of extracellular pro- 
teins obtained by precipitation with ammonium sulphate at 
0-66 saturation from a 5-day culture of C. diphtheriae PW8. 
Iron concentration in the culture medium (acid hydrolysed 
casein), 0-12 ygm. iron/ml. Flocculation titre of the crude 
culture filtrate, 110 Lf./ml., flocculation activity of the prep- 
aration, 2080 Lf./mgm. protein nitrogen, dermonecrotic activity. 
2 x 10°-2-5 x 10° minimum reacting dose/mgm. protein nitrogen. 
Paper electrophoresis; Michaelis buffer pH 9-0; ionic strength, 
# = 0-1. Densitometric curve after amido-black staining (ref. 2). 
Immunoelectrophoresis: Michaelis buffer, pH 9-0; ionic strength, 
uw = 0-05 (ref. 3) 
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Fig. 2. Electrophoretic pattern of ‘Fe-proteins’. Preparation 


of ‘Fe-proteins’ obtained by precipitation with ammonium sulphate 
at 0-66 saturation from a 5-day culture of C. diphtheriae PW8. 
Iron concentration in the culture medium, 1-0 ywgm iron/ml. 
oeculation titre of the crude culture filtrate less than 2-5 Lf./ml., 
dermonecrotic activity, 2-5 x 10° minimum reacting dose/mgm. 
protein nitrogen. Paper electrophoresis: Michaelis buffer, pH 9-0; 
ionic strength, « = 0-1. Densitometric curve after amido-black 
staining 


of fraction D. In experiments involving determina- 
tion of relative electrophoretic mobilities, it has been 
found that fraction D of the ‘Fe-proteins’ migrates 
with a mobility corresponding to the material of the 
anodic part of fraction D of extracellular proteins 
obtained at iron concentration optimal for toxin 
production. Running electrophoresis simultaneously 
on the same strip proved all the other fractions of the 
‘Fe-proteins’ to be identical, with respect to their 
mobility, with corresponding fractions of extra- 
cellular diphtheria proteins obtained at iron concen- 
tration optimal for toxin production. In immuno- 
electrophoretic experiments the immunological iden- 
tity of precipitating components of those fractions 
has been demonstrated. 

The immuno-electrophoretic pattern of ‘Fe-pro- 
teins’ does not contain the D’ line, which is the 
principal component of the pattern of extracellular 
diphtheria proteins obtained at optimal iron concen- 
tration’. When, however, immuno-electrophoretic 
patterns of extracellular proteins obtained at iron 
concentration optimal for toxin production were 
developed with anti-toxic sera absorbed with ‘Fe- 
proteins’ they were found to contain two additional 
precipitation lines besides line D’: line D’”’ and one 
localized within fraction ¢, (Fig. 3). These experi- 
ments have clearly demonstrated that excess iron 
inhibits the production of at least three precipitating 
components. 


Fig. 3. Immuno-electrophoretic pattern of extracellular diphtheria 

proteins obtained at iron concentration optimal for toxin produc- 

tion. Floeculation activity of the preparation used, 1,900 Lf./mgm. 

protein nitrogen. The pattern was developed with anti-toxin 
absorbed with ‘Fe-proteins’ 


It may be concluded that the culture filtrate of 
(. diphtheriae PW8 contains macromolecular com- 
ponents which differ in the mechanism of origin. 
The components of fractions p and o are produced at 
iron concentration optimal for toxin formation and at 
a concentration which almost completely inhibits 
toxin production. Fraction D appears to be character- 
istie of culture filtrates of toxigenic strains of C. diph- 
theriae at iron concentration favourable for toxin pro- 
duction. The effect of iron, however, is a complex one, 
because the inhibition of production of at least three 
precipitating components, one of which may be 
identical with the toxin, is simultaneously observed. 
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The toxic activity of extracellular diphtheria 
proteins is localized within fraction D. However, the 
asymmetric distribution of the activity within this 
fraction, as well as the results obtained on electro- 
phoresis in buffers of low ionic strength, clearly demon- 
strated its heterogeneity*. Fraction D contains also 
considerable amounts of glycoproteins, which may be 
only partially separated as the more mobile borate- 
separable fraction D, on electrophoresis in borate 
buffers?. It seems that an explanation of the part 
played by different macromolecular components 
present in the culture filtrate should throw some light 
on the mechanism of toxin formation. 

BertToLtp J. RapoLa 
Department of Bacteriology, 
State Institute of Hygiene, 
Warsaw. 
‘ Barksdale, L., Bact. Rev., 23, 202 (1959). 
* Radola, B. J., Bull. Acad. Polon. Sci., Sér. Sci. Biol., 8, 281, 287 
(1960). 


* Radola, B. J., Bull. Acad. Polon, Sci., Sér, Sci. Biol., 8, 493, 499 
(1960). 


Formation of 5-Hydroxytryptamine in 
an Aqueous Solution of 
5-Hydroxytryptophan treated with X-rays 


It has been found that 5-HT (5-hydroxytrypt- 
amine) is formed by the action of ultra-violet irradia- 
tion on 5-HTP (5-hydroxytryptophan) aqueous 
solution, as a result of a decarboxylation process'. It 
is of interest to investigate whether the same process 
takes place under the influence of X-irradiation. 

An aqueous 0-1 per cent solution of 5-HTP as a 
pure base, contained in a ‘Pyrex’ glass vessel, was 
irradiated with X-rays generated from a Philips 
machine, operating at 200 kV. and 20 m.amp. (The 
glass vessel was in close contact with the target.) 
The dose-rate was 1,818 r./min., measured by the 
ionization chamber. The solution was prepared in 
re-distilled water and exposed to X-irradiation for 
10 hr. The thickness of the solution layer was 5 mm. 
The loss of water caused by evaporation during the 
exposure time was compensated every 2 hr. The 
irradiated solution was tested for 5-HT on atropinized 
cestrous rat uterus*. 

After the irradiation of the solution a brown 
coloration was noticed. This brown solution showed 
an oxytocie activity. In preliminary experiments 
oxytocie activity of the starting material (5-HTP) 
was examined and we found that 5-HTP per se 
possesses a slight activity on rat uterus, the sensitivity 
threshold being 0:2 mgm./ml. We were obliged, 
therefore, to work with the starting solution diluted 
below this threshold concentration of 5-HTP. After 
eliminating the interference with 5-HTP, we found 
that the solution still showed oxytocic activity. The 
inhibition experiments with lysergic acid diethyl- 
amide—a specific antagonist of 5-HT—showed that 
this activity is to be ascribed to 5-HT. The concen- 
tration of 5-HT in the irradiated solution was found 
to be rather low (0-004 per cent), the G-value being 
0-2. 

Preliminary analysis of descending paper chromato- 
graphy of the irradiated solution (solvent system : 
butanol—acetic acid—water (4: 1:5); Ehrlich’s 
reagent) showed, besides 5-HTP (Rr = 0-30), four 
more spots with the following Rr values: 0-12; 
0-36: 0-46 and 0-75. The spot with the Rp value 
of 0-46 corresponded to 5-HT in location, but not in 
colour. 
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It has been demonstrated that, in X-irradiated 
aqueous solutions of histidine* and probably tyrosine‘, 
decarboxylation occurs to a very low amount. This 
is possible, because in aromatic amino-acids there are 
a number of sites to be attacked by the free radicals 
produced from the water. Our results with rather 
small G-value indicate that 5-HTP (an aromatic 
amino-acid too) behaves similarly. 

It has been noted® that 5-HT in aqueous solution 
undergues many changes in its structure under the 
influence of different oxidizing agents. Taking into 
account the low conversion-rate of 5-HTP to 5-HT, 
one should consider the possibility of transformations 
of 5-HT molecules when under the influence of 
X-irradiation. It seems to us likely that the low 
amount of 5-HT formed could be partly explained 
by the action of the various oxidizing species produced 
by the X-rays. 

We wish to thank Dr. A. J. Swallow, London, for 
his interest and helpful suggestions. 5-HTP was 
kindly supplied by the National Drug Company, 
Philadelphia, Pennsylvania. 

M. Jovié 
Z. SUPEK 
Biology Division, 

Institute Rudjer BoSkovié, 

Zagreb, Bijeniéka 54, 
Yugoslavia. 

' Doepfner, W., and Cerletti, A., 

Amin, A. H., Crawford, T. B. B., and Gaddum, J. 

126, 596 (1954). 

Flemming, K., Arch. Exp. Path. Pharmak., 239, 425 (1960). 
* Rowbottom, J., J. Biol. Chem., 212, 877 (1955). 
‘Eriksen, N., J. Biol. Chem., 235, 1662 (1960). 
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Lanthionine Formation in Keratin 


REACTION of wool keratin with solutions of alkalis 
or potassium cyanide leads to the elimination of one 
of the sulphur atoms of the dithio bond of the cystine 
residues with the formation of a thioether (lanthionine) 
linkage : 
| | 
CHCH,SS CH,CH 


H- | 
»CH CH, SCH,CH + 8 (1) 


‘ 
! 


| | | 
CHCH,SS CH,CH + CN--+CHCH,SCH,CH + CNS- (2) 
| 
Lt is considered that the reaction with cyanide ions. 
which overall may be represented by equation (2). 
can follow two possible courses : 


| 
(a) CHCH,SSCH,CH + CN--+CHCH,S- — NCS CH,CH 
, . : 


CHCH,SCN + OH- —.C=CH, + SCN- + H,O 


CH,=C + H*--CHCH 


NCSCH,CH 
l 


CHCH,S- »SCH,CH 


(b) CHCH,S- ~CHCH,SCH,CH + CNS 


The S-elimination reaction (a) was first proposed 
by Swan', who later suggested the possibility of 
lanthionine formation by SCN- displacement? without 
removal of 8-hydrogen atoms. This was confirmed 
by Earland and Raven’, who studied the reaction of 
N-mercaptomethylpolyhexamethyleneadipamide  di- 


sulphide with cyanide ions, and showed that a thio- 
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ether bond is formed under conditions identical to 
those which produce lanthionine in wool : 


| | | 
NCH,SS CH,N + CN--+NCH,S CH,N + CNS- 
| | | | 





Since §-elimination is impossible, it must be 
concluded that a reaction such as (6) is very probably 
an important route for lanthionine formation in wool 

On the other hand, in the alkaline reaction, Swan‘ 
has shown the importance of a 8-elimination mechan. 
ism : 
| 


| | 
»CHCH,SS- 


| | 
CHCH,SS CH,CH + OH CH,=C+H,0 


’ H* 
CH CH,S CH,CH + S 
] | 
since aa’dimethyleystine is degraded only extremely 
slowly under these conditions, compared with free 
cystine. 

The reaction of N-mercaptomethylpolyhexamethyl- 
eneadipamide with alkalis has now been examined, 
as it is probably a better model for wool’ than Swan’s 
compounds, in that the reaction, as with wool, is 
heterogeneous, giving the ruptured disulphide residues 
# greater chance to re-unite in a lanthionine linkage. 

2-00 gm. of disulphide (sulphur, 4-20 per cent) 
were boiled under reflux for 5 hr. with 400 ml. of the 
solution of alkali. After reaction, the solid product 
was collected, washed with water and dried in 
vacuo. The results obtained are given in Table 1. 
The analytical methods used have been described 
previously’. 





Table 1 
} ] | | 7 
| Wt. | Sulphur} Disulph- 
| loss it ide NH, 
Solution pH | (per | product | sulphur | m.equiv 
| cent) (per | (per 100 gm 
cent) | cent) 
| _ ~ 4-20 4-07 1-5 
| 0-10 M Na,HPO, 8-0 1-0 3-99 4:26 1-5 
0-05 M Na,B,O-; 9-2 0 414 “27 1-6 
0-10 M Na,CO, 10-5 2°5 3-70 3°94 2°3 
0-10 M Na,CO,* 10-5 11-0 3°39 3-28 2-7 
0-10 M NaOH 12-0 35-0 2-23 1-90 4:7 


. Boiled for 10 hr. 

It is shown that a lanthionine type of reaction does 
i , 

not occur when the 8 ger group is replaced by nitro- 


gen, which must be regarded as strong supporting 
evidence for the §-elimination mechanism, and 
against mechanisms which involve formation by 
direct attack on the «-carbon atom*. 
We thank the Wool Textile Research Council for 
financial assistance with this work. 
C. EARLAND 


D. J. Raven 
Department of Textile Industries, 
Institute of Technology, 
Bradford. 
*Swan, J. M., Proc. Intern. Wool Textile Res. Conf., Austral., C-25 


(1955). 

* Swan, J. M., Current Trends in Heterocyclic Chemistry, 65 (Butter- 
worths, 1958). 

* Earland, C., and Raven, D. J., J. Amer. Chem. Soc., 80, 3430 (1958). 

* Swan, J. M., Nature,179, 965 (1957). 

* Earland, C., and Raven, D. J., Proc. Second Intern. Wool Textile 
Research Conf. England, J. Text. Inst., 51, T 678 (1960). 

* Zahn, H., Kunitz, F.-W., and Hildebrand, D., Proc. Second Intern. 
Wool Textile Research Conf. England, J. Tert. Inst., 51, T 740 
(1960). 
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Effect of Polyamino Carboxylic Acids 
on Catalase 


CATALASES are known to be inactivated by the 
formation of compounds with cyanide’. azide and 
hydroxylamine’, so we thought it probable that the 
iron of the enzyme could be complexed with chelating 
agents, the effect being also to inactivate the enzyme. 
The chelating agents used were ethylenediamine 
tetraacetic acid (EDTA), cyclohexanediamine tetra- 
acetic acid (CDTA), diethylenetriamine pentaacetic 
acid (DTPA) and NN’ethyleneb/s(2{0-hydroxypheny]}) 
glycine (EHPG). The rate of decomposition of 
hydrogen peroxide by bovine-liver catalase in the 
presence of each of the above chelating agents was 
followed by a rapid titration method. 

A decrease in the rate of destruction of hydrogen 
peroxide by the catalase was observed in the presence 
of all the chelating agents. With EDTA and DTPA, 
the inhibition reaches a maximum at a pH of about 
8-5 and then decreases again with increasing pH. 
With CDTA, the inhibition increases slowly with 
increasing pH, whereas with EHPG the increase is 
rapid, although measurements could not be made at 
pH values greater than 10 due to a rapid decrease in 
the activity of the catalase, probably due to protein 
denaturation. In conclusion, it must be noted that 
the inhibition of catalase by these chelating agents is 
small compared to that of hydrogen cyanide, which 
has a value of K; of 4:6 10-* M at pH 7 (ref. 3), 
whereas at pH 8-5 (pH of maximum inhibition of 
catalase in the presence of EDTA and DTPA) the 
K; values are 9-2 x 10-? M, 9-3 10-2 M. 2-6 
10-' M, and 3-3 x 10-! M for EDTA, DTPA, CDTA 
and EHPG respectively. 


No. 4786 


NO 


Joan Bonp 
J. G. Coorer 
Department of Pure and Applied 
Chemistry, 
Royal College of Advanced Technology. 
Salford, 5. 
‘Chance, B., J. Biol. Chem., 179, 1299 (1949). 
* Foulkes, E. C., and Lemberg, R., Enzymologia, 13, 302 (1949). 
*Chanee, B., /. Biol. Chem., 179, 1299 (1949). 


Dextransucrase V and the Role of 
Metal lons in Enzyme Catalysis 


DEXTRANSUCRASE is a representative member of 
the general class of enzymes known as transglycosi- 
dases. In this particular example, the glucosyl group 
from sucrose is transferred to a suitable acceptor, 
which causes chain initiation, and dextran is formed. 
Polymer-formation is governed by many favtors such 
as the nature of the acceptor molecule, pH and 
temperature’. 

This work was directed at the role of metal ions in 
enzyme catalysis*. This was initiated by some 
previous work which had suggested that magnesium 
plays a part in dextran synthesis*:*. These investiga- 
tions had shown that a relatively linear molecule of 
dextran could be isolated from a magnesium-deficient 
diet inoeulated with Betacoccus arabinosaceous (Bir- 
mingham). This is contrasted with the branched 
dextran isolated from a normal medium. With this 
in mind, it was felt important to study the effect of 
metal ions on the enzyme and to carry out a detailed 
kinetic investigation. 

Using fructose-production as a measure of enzyme 
activity. the conversion of sucrose to dextran was 
examined under the influence of several metal 
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cations. The details of the enzyme preparation and 
the analytical procedures have been reported?. In 
addition to testing the effect of the metal ions on the 
catalysis, the role of metal chelating agents, tetra- 
sodium ethylenediamine tetraacetic acid (EDTA) and 
oxalic acid were investigated. All experiments were 
conducted in a 0-05 M acetate buffer of pH 5-2 and the 
reaction was carried out for 0-5 hr. in a constant 
temperature water bath at 25° C. 

Of the metal ions tried as activators of this particu- 
lar enzyme, notably calcium, zinc, magnesium, man- 
ganese and copper, only the first was effective. The 
reciprocal plot of initial velocity against calcium ion 
at various substrate concentrations is shown in Fig. |. 
From the common intercept of these lines, a value 
for the dissociation constant of the enzyme metal 
complex may be evaluated. This turns out to be 
9-4 x 10-> M. The action of EDTA is shown in 
Fig. 2. The graph for oxalic acid was similar, except 


24h 
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Fig. 1. Reciprocal plot of initial velocity (mgm. fructose/0-2 ml. 


enzyme/0-5 hr.) against calcium ion concentration. The dashed 

curve representing sucrose = o was drawn through the intersection 

of the three other curves and the value for 1/V calculated from 

another experiment using enzyme and sucrose and an excess of 
calcium ion 
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Fig. 2. Reciprocal plot of initial velocity (mgm. fructose/0-2 ml. 
enzyme/0-5 hr.) against sucrose concentration at various levels 
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that it required twenty-five times as much oxalic 
acid to achieve the same results. 

The plot in Fig. 1 showing the influence of calcium 
ions fits the first type of coupling activation as 
described in ref. 5. In this particular case of activa- 
tion, the substrate will not couple efficiently with the 
enzyme unless the activator (in this case calcium ion) 
is already attached to the enzyme. Competitive 
inhibition is demonstrated in Fig. 2 for the action of 
the chelating agents. The action of oxalic acid and 
EDTA appears to be a removal of the calcium ion 
from the enzyme. This removal renders the catalytic 
site active in its action on sucrose. In the 
presence of excess substrate the influence of the 
chelating agents is diminished by the law of mass 
action, as demonstrated by the convergence of the 
lines in Fig. 2 to a common intercept. 

The ability of magnesium ion to influence the 
degree of branching has been mentioned*:*. In view 
of this fact, it is rather surprising at first sight that 
magnesium appeared to have no influence on the 
course of the reaction in this work. A possible 
explanation for this apparent anomaly might rest on 
the following argument: according to Bovey*? 
there are at least two enzymes responsible for the 
synthesis of dextran. One enzyme operates by 
initiating chain-growth and liberating fructose. The 
other, the so-called ‘branching enzyme’, operates by 
transferring pre-formed units of oligosaccharides to 
the main chain. This latter enzyme would not 
liberate any reducing sugars; consequently it would 
not be detected by the methods of analysis used in 
this investigation. 


less 
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Degree of Polymerization of Hyaluronic 

Acid isolated from Human Aortic Tissue 

SEVERAL reports have been presented on the degree 
of polymerization of hyaluronic acid isolated from 
umbilical cords, ovarian cysts and follicular fluid, 
synovial fluid and vitreous bodies'-*. The hyaluronic 
acid isolated from the tissues mentioned shows 
varying degree of polymerization. 

In a previous publication Bertelsen and Marcker® 
discussed variations in the ratio chondroitin sulphuric 
acid/hyaluronie acid in aortic tissue with age. In 
this investigation the degree of polymerization of 
hyaluronic acid isolated from human aortze has been 
determined by means of osmometry. 

The aortz were obtained 12-15 hr. after death. The 
adventitia was carefully removed by hand, and the 
media-intima parts of the vessels were stored in 
acetone for 4-5 months. Owing to the small amount of 
tissue in children, samples from individuals less than 
Furthermore, three groups 
were included in the 


2 yr. of age were pooled. 
of aortw 


from the new-born 
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material, each of the groups consisting of 10-12 


aortz. Only macroscopically normal tissue was 
collected, and so, if the question were about elderly 
individuals with atherosclerotically changed aortz, 
the changed parts were discarded. 

The disintegrated, de-fatted tissue was incubated 
with a proteolytic enzyme, and the protein-split 
products were precipitated with trichloroacetic acid. 
The residual protein-split products were removed by 
repeated shakings with chloroform—isoamylalcohol' 
and subsequent dialyses against running tap-water. 
A more detailed description of the method of extrac. 
tion was given in ref. 6. 

In order to remove the chondroitin sulphuric acids, 
the aqueous solution of mucopolysaccharides was 
brought to pH 1-5 with 0-1 M hydrochloric acid in 
the presence of 0-1 M sodium chloride at 0° C. At 
this pH the ionization of the hyaluronate is 
suppressed, whereas the chondroitin sulphates are 
largely ionized. 1 gm. of 200—400-mesh amine ion. 
exchange resin ‘Dowex 1—X8° in the chloride form per 
25 ml. of the mucopolysaccharide solution was added, 
and the mixture was stirred for 2 hr. at 0° C. (ref. 8). 
After removal of the resin by centrifugation and 
filtration through a glass funnel, the pH was raised, 
and by slowly adding two volumes of cold absolute 
alcohol, the hyaluronate was precipitated. The 
precipitate was washed in absolute alcohol and ether 
and dried in a vacuum desiccator containing silica-gel. 

To characterize the isolated substances, we used 
nitrogen and sulphur determinations, viscometric 
determinations and subsequent incubation with strep- 
tococcal hyaluronidase and paper chromatography. 
The nitrogen was determined by the micro-Kjeldahl 
procedure, and the sulphur contents of the hyaluronic 
acid preparations were determined by the method of 
Zinneke*®. Viscometric investigations were performed 
in the micro-viscometer described in ref. 10. Paper 
chromatography of hydrolysates of the substances 
was performed in 2,6-lutidine/water (65 : 35) for 
24 hr.. and the chromatograms were developed by a 
0-1 per cent ninhydrin solution in acetone. 

The following tends to show that the isolated 
substances really were hyaluronate: the white 
powders were: (1) highly hygroscopic; (2) easily 
soluble in water, the solutions being clear and viscid; 
(3) the viscosities decreased considerably after incuba- 
tion with bacterial hyaluronidase, giving the charac- 
teristic degradation curves of hyaluronic acid. 
Furthermore, (4) the paper-chromatograms of the 
hydrolysates only showed spots corresponding to 
authentic glucosamine, and (5) the amount of nitrogen 
in all samples was about 3-6 per cent (theoretically 
3-4). The sulphur in the samples ranged from 0-6 to 
0-8 per cent (with one exception), thus indicating only 
minor amounts of sulphated mucopolysaccharides. 

The molecular weights were calculated from colloid 
osmotic pressure measurements performed by the 
micro-osmometer described in ref. 2. The concen- 
tration used in the osmotic pressure measurements 
was 5 mgm. of the isolated substance in 1 ml. 0-5 M 
potassium chloride. According to our experience the 
influence of the Donnan effect is then negligible. 

The results are shown in Table 1. It will be seen 
that the degree of polymerization of hyaluronic acid 
in aortic tissue is independent of age and degree of 
atherosclerosis. 

The isolation procedure used in this investigation is 
generally considered very sparing. and it is unlikely 
that any significant depolymerization occurred during | 
the isolation. 
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Table 1. MOLECULAR WEIGHTS (M) OF HYALURONATE ISOLATED 


rromM HUMAN AORTA, CALCULATED FROM MEASUREMENTS OF THE 
OSMOTIC PRESSURES 


Age Nitrogen Sulphur 
(yr.) Sex Mx 10° (percent) (percent), Gross appearance 
0 44 7) 7 No plaques 
0 43 > 3-62 + 0-69 No plaques 
| 0 35 J J No plaques 
10-5-2* 51 3°59 No plaques 
| 6 3 30 3-18 0-63 No plaques | 
; il 3 48 0-61 No plaques 
35 $ 48 4-29 Lipoid plaques 
50 3 43 3°52 0-76 Slight sclerosis 
| 60 3 47 3-62 Slight sclerosis 
| 63 ? 40 0-73 Pronounced 
sclerosis 
72 ? 42 3-44 1:30 Pronounced 
sclerosis 
84 é 60 3-80 0-381 Pronounced 
sclerosis 


=i This group consists of three aorte. 
Owing to the small amount of substance at our disposal, only 
some of the results with nitrogen an@ sulphur have been determined . 


The molecular weights presented in Table 1 refer 
to apparent molecular weights, and not to true 
molecular weights ; the latter, which are obtained by 
extrapolating to zero concentration, are, therefore. a 
little higher than those recorded. 

It can be concluded that the hyaluronic acid 
isolated from aortic tissue seems to have a compara- 
tively low molecular weight as compared with the 
molecular weights obtained for hyaluronic acid 
isolated from other tissues. 

This work was aided by a grant from the Danish 
State Science Foundation. Sv. 
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19 Blegdamsvej, 
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* Jensen, C. E., Acta Chem. Scand., 8, 937 (1954). 
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* Blumberg, B. S., and Oster, G., Science, 120, 432 (1954). 
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BERTELSEN 


Incorporation of Deoxyribonucleic Acid 
by Mammalian Cells in vitro 

TRANSFORMATION of bacterial cells in the presence 
of deoxyribonucleic acid (DNA) has been demon- 
strated!-3, and has indicated that genetic information 
is carried by DNA. There is little unequivocal 
evidence for such transformations in higher forms of 
life, in contrast to the obvious transfer of genetic 
information that occurs by means of the gamete 
during fertilization. The two reported attempts to 
obtain these transformations through the mediation 
of added DNA have been conflicting*®. On the other 
hand, evidence for the uptake of DNA by mammalian 
cells*:? has supported the idea that observed biolog- 
ical effects might be obtained. In this communication 
I present evidence for the incorporation of extra- 
cellular high molecular weight DNA into the nuclear 
DNA of cells of the Ehrlich—Lettré ascites tumour, 
when they are incubated in vitro (Table 1). Labelled 
homologous DNA for these experiments was first 
obtained by injecting formate labelled with carbon-14 
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intraperitoneally in mice bearing this tumour. After 
an appropriate time-interval, the tumour cells were 
removed and washed and the DNA isolated by the 
detergent procedure®. To determine the specific 
activity of the DNA used in the experiments, samples 
were hydrolysed with 70 per cent perchloric acid for 
1 hr. at 100° C. and the bases, adenine and thymine, 
separated by paper chromatography using a solvent 
system of isopropanol, hydrochloric acid and water. 
The bases were eluted and the specific activity of each 
was determined for appropriately plated samples 
using a gas-flow counter for the radioactivity 
determinations. 

Table 1, Jn vitro INCORPORATION OF DNA LABELLED WITH CARBON-14 

BY EHRLICH-LETTRE ASCITES TUMOUR CELLS 
Specific Activity 


(counts/min./umole base) 
Ratio 


Adenine Thymine adenine 
thymine 
Initial DNA, from in vivo labelling 3,852 1,395 1-00 : 0-36 
Nuclear DNA after incubation 296 93 1:00 : 0-31 


Incubation conditions : 2 ml. ascites fluid (0-5 ml. packed cells), 
1 ml. 0:25 M sucrose—0-1 M phosphate buffer pH 7-4, 0-8 ml. 0-1 M 
glucose in 0-25 M sucrose, 0-2 ml. water. Incubated aerobically at 
37° C. for 1 hr. in a metabolic shaking incubator. 

In the incubation experiments tumour cells were 
obtained by draining the fluid from an abdominal 
incision in mice bearing a tumour growth of 7 
10 days. The cells were incubated aerobically in a 
shaking incubator at 37° C. in the presence of ascites 
serum, 0-25 sucrose—phosphate buffer pH 7 -4, glucose®, 
and with samples of the intact labelled DNA dis- 
solved in the buffer solution. After 1 hr. the cells 
were washed carefully with the sucrose—-phosphate 
buffer and saline, and were then frozen in a dry- 
ice/acetone mixture. The frozen cells were homo- 
genized in dilute citric acid (0-05 M) and fractionated 
by differential centrifugation to obtain preparations 
of clean nuclei. This procedure is of importance to 
ensure that the observed uptake is in nuclear material. 
The isolated nuclei were washed several times during 
the preparation with 0-01 M citric acid and were 
extracted finally with cold 4 per cent perchloric acid 
and lipid solvents'®. The dry residual nuclear 
material was hydrolysed with 0:3 N potassium 
hydroxide for 18 hr. at 37° C. to separate the nuclear 
ribonucleic acid (RNA). DNA was obtained by 
acidifying the alkaline hydrolysate and extracting the 
residue with 4 per cent perchloric acid at 90° C. for 
15min. The DNA fraction was dried, then hydrolysed 
with 70 per cent perchloric acid as before and the 
bases separated by paper chromatography using the 
solvent system described. 

The amount of DNA taken up by the nuclei under 
these conditions can be calculated from the total 
number of counts added before, and obtained after. 
the incubation. In these experiments it has been 
found that there is an observed uptake of 2-4 per 
cent of the added DNA by the nuclei of these cells. 
In looking further, in an examination of the specific 
activity of the nuclear DNA, it has been found that 
despite an expected dilution the ratio between the 
specific activity of adenine and thymine is similar to 
that of the original sample of DNA used in the 
experiments. While it is recognized that these 
observations might be explained by assuming a prior 
breakdown of the DNA followed by its re-synthesis 
in the cell nucleus, this seems unlikely, because of the 
difference in the degree of labelling of the bases 
adenine and thymine of DNA, under in vivo and in 
vitro conditions (to be described elsewhere). It is 
concluded that some intact extracellular DNA of 
high molecular weight can be transferred across the 
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cell and be incorporated into the genetic fine material 
of these cells. Further attention is being directed to 
the conditions necessary for this transfer and incor- 
poration and to the biological effects elicited by such 
incorporation. 
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Anticancer Properties of Thio-diglycollic Acid 

In earlier publications'“* we have shown possi- 
bilities of preferential inhibition of tumour growth 
by antimetabolites of hexose monophosphate (HMP) 


pathway. A number of derivatives of thiophene- 
dicarboxylic acid have been prepared and _ tested 
for their anticancer properties. Results with 
thiophene 2,5 dicarboxylic acid (TDA) and 2.5 


dicarbethoxy-3,4 dihydroxy thiophene (DICETOL) 
have already been published**. Results with other 
compounds will be published in detail elsewhere. One 
of the compounds synthesized in this series was thio- 
diglycollic acid (TDGA). In this compound carbon 
numbers 3 and 4 from thiophene have been completely 
dispensed with. This, in a way, amounted to an 
attempt to identify the active groupings which may 
be responsible for the anticancer properties. 

Thio-diglycollic acid was synthesized by treating 
mono-chloro acetic acid with sodium sulphide, as 
deseribed by Barkenbus and Landis*. This compound 
is extremely soluble in water. It was therefore isolated 
from aqueous solutions by continuous liquid-liquid 
extractions with ether. 


Table 1. ANALYTICAL DaTA 
Calculated C = 32-00 per cent H = 4-00 per cent 
Found © = 31-50 per cent H = 3-60 per cent 
Melting point: Literature, 129°; Found, 129-131° 


The anticancer property of this compound was 
tested against two transplantable tumours: (1) 
Yoshida sarcoma (ascites) in rats and (2) solid fibro- 
sarcoma in Swiss mice®. 

Thirty-six Wistar female rats, 2-5-3 months old, 
were transplanted intraperitoneally, under aseptic 
conditions, with 0-6 ml. each of freshly withdrawn 
Yoshida sarcoma ascitic fluid. After 8 hr., the animals 
were randomly divided into two groups—control and 
experimental—of 18 animals each. Control animals 
received 0-5 ml. of isotonic saline, while the experi- 
mental animals were given 2 mgm. of TDGA dissolved 
in 0-5 ml. of isotonic saline intraperitoneally. The 


treatment was given three times a day, with a total 
dose of 6 mgm. of TDGA/rat/day (40 mgm./kgm. of 
body weight). Multiple daily injections were necessary 
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to maintain adequate drug concentration at the 
tumour site throughout the day. 
the control group died between the fourth and ninth 
day after transplantation. TDGA administration to the 
experimental group was discontinued after the tenth 
day and survival observed. Out of the eighteen 
animals only two animals died 35 days after trans- 
plantation with solid growth in the peritoneal cavity. 
The remaining sixteen rats from the experimental 
group have survived for more than 5 months after 
transplantation, even though the drug administration 
was discontinued on the tenth day (Fig. 1). Since 
Yoshida sarcoma is a very rapidly growing tumour, 
it was anticipated that, even if a few viable cells had 
been left behind, the tumour growth would have flared 
up and killed all the transplanted animals within 16 
days after discontinuation of the treatment. But the 
fact that sixteen out of eighteen animals have survived 
for more than 5 months after the discontinuation of 
the treatment suggests that Yoshida sarcoma tumour 
cells have been completely wiped out by TDGA 
treatment. All the animals from the experimental 
group are normal and do not show any toxic side- 
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Fig. 1. 

TDGA 1s an acidic substance which was directly 
injected into the peritoneal cavity. In an auxiliary 
experiment, acetic acid in similar concentration was 
injected in the peritoneal cavity of Yoshida sarcoma- 
bearing rats and survival observed. It was found 
that the animals treated with acetic acid died more or 
less at the same time as the control group, suggesting 
that the therapeutic effects observed with TDGA 
were not due to acidity of the substance. 

Influence of TDGA was also studied on trans- 
plantable solid fibrosarcoma in Swiss mice®. For this 
purpose, fibrosarcoma was implanted by subcutan- 
eous injections of 0-5 ml. of tumour suspension, and 
the treatment started after the thirteenth day when 
the tumour attained measurable and uniform size in 
all the animals. TDGA was injected subcutaneously 
twice a day and the total daily dose was 6 mgm./day 
240 mgm./kgm. of body weight). The animals were 
killed after 12 days treatment (twenty-fifth day 
after transplantation). The results are shown in 
Table 2. It will be seen that. although the results 
with solid fibrosarcoma were not as spectacular as 
with Yoshida ascites tumour, there was definite 
evidence of inhibition of tumour growth. The average 
weight of tumour from the control animals was 4:75 
gm. as against 2-8 gm. in the TDGA-treated animals. 

TDGA did not show any toxic side-effects with the 
therapeutic doses emploved. Large amounts of 
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Table 2. EFFECT OF THIO-DIGLYCOLLIO ACID (TDGA) oN GROWTH 
OF FIBROSARCOMA IN Swiss MICE* 
Day of Average 
treatment Period of tumour 
Treatment Dose after trans- treatment weight and 
plantation (days) range (gm.) 
Treated 5 mgm./day 13th 12 2-829 
qa 470- = _ 28) 
Control — 13th 12 4-7 
(4°378 ee 73) 





~* 6-8 weeks old Swiss female mice were used in these experiments. 


TDGA, at a dose of 1,250 mgm./kgm. body-weight. 
were injected at one shot subcutaneously. Except for 
the skin necrosis seen at the site of injection, the 
treated animals did not show any toxic side-effects. 
Further work on the mechanism of action is in pro- 
gress. TDGA has two acidic groups, and hence, in 
addition to studying its role as an antimetabolite of 
pentose phosphate pathway intermediates, its action 
as a potential bifunctional group is also under investi- 
gation. 
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HISTOCHEMISTRY 


Muscle Target Fibres, a Newly Recognized 
Sign of Denervation 

THE muscle target fibre, a newly recognized sign 
of skeletal muscle fibre denervation, as observed in 
muscle biopsies from patients with neuromuscular 
disease, is described in this communication. From a 
series of forty-six biopsies showing the classic features 
of denervation! (associated with a variety of diseases), 
27 specimens also contained target fibres. Eight 
specimens had 3-10 target fibres, four had 10-20 
target fibres, and fifteen had more than twenty 
target fibres. The presence of target fibres could 
not be correlated with any particular associated 
disease. A concurrent series of 25 muscle biopsies 
showing the classic features of myopathy', associated 
with a variety of diseases, did not contain any 
target fibres. A concurrent series of 29 muscle biopsies 
having no pathological features did not contain any 
target fibres. 

The name ‘target fibre’ is derived from the appear- 
ance on cross-section (Figs. la, 2a, 6). Each muscle 
fibre so affected has three more or less distinct con- 
centric zones, numbered 1, 2, and 3 from the centre 
outward, although these is some variability in this 
pattern. Occasionally zone 2 is absent. More than one 
target within a fibre is rare. On longitudinal section 
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ig. 1. @, Phosphotungstic acid hematoxylin stain (x 560); 
b, “Gomori ‘trichrome s tain, polarized light. The anisotropism 
of zone 1 is masked by the stain (x 560) 





Fig. 2. a, Lactate dehydrogenase ( x 2% 25); b, alkaline adenosine 
triphosphatase ( x 225) 


through the centre of the target fibre, five parallel- 
bordered zones appear (from one side to the other— 
3, 2, 1, 2, 3), running the length of the fibre present 
on the slide (Fig. 16). In paraffin-embedded sections, 
target fibres are best demonstrated after fixation in 
Bouin’s fluid and staining by the phosphotungstic 
acid hematoxylin or the Gomori trichrome method. 
Zone 1, in paraffin sections (Figs. la, 6), contains 
compact wavy longitudinally running strands of 
myofibril-like material, which lack cross-striations and 
are uniformly anisotropic in polarized light. In fresh 
frozen sections, histochemical evidence of mito- 
chondrial oxidative enzyme activity (succinate 
dehydrogenase’, lactate dehydrogenase, cytochrome 
oxidase*) is completely absent (Fig. 2a). Evidence for 
the presence of glycogen (periodic acid—Schiff stain), 
for the means of glycogen formation (glucose-1- 
phosphate + uridine triphosphate via_ uridine- 
diphosphate-glucose to glycogen‘), or for the means of 
glycogen breakdown (amylophosphorylase reaction‘), 
which are sarcoplasmic reactions, is completely 
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absent (Fig. 2b). In a few instances, within zone 1 
there is a small region of high activity of the oxidative 
enzymes (Fig. 2a), the glycogen metabolism enzymes, 
and the periodic acid—Schiff reaction. 

Zone 2 appears virtually unstained in paraffin 
sections. The concentration of myofibrillar material 
appears reduced, but there is a faint normal cross- 
striated pattern detectable in polarized light. Alkaline 
adenosine triphosphatase activity is increased. The 
mitochondrial oxidative enzyme reactions are usually 
decreased or absent, but infrequently they may be 
increased. The reactions associated with glycogen 
metabolism may be increased or decreased. 

Zone 3 usually appears normal by all the methods 
used. 

In the target fibres, the nuclei are not abnormal in 
appearance or location. There is not an increase of 
connective tissue or an inflammatory cell reaction 
around the target fibres. The target fibres are either 
of about normal diameter or are somewhat smaller 
than normal. They may appear in a group suggesting 
a motor unit, but such a pattern cannot elways be 
determined, especially when their number is small or 
very large. 

One must distinguish target fibres from the muscle 
fibres containing central cores in central core 
disease’-*. The central core fibres differ from target 
fibres in the following features: the central core, in 
paraffin sections or after histochemical staining, 
appears as a central uniform region (or regions) 
within the muscle fibre. With nearly all the ordinary 
histological techniques, the central core is more 
darkly stained than the surrounding non-core region. 
On longitudinal section, the central core has well- 
preserved cross-stristions. There are no classic 
features of denervation in the muscle of central core 
disease, but there infrequently may be features of an 
active myopathy’. 

The work described here indicates that the target 
fibre represents a pathological alteration of the cyto- 
architecture of the human skeletal muscle fibre, 
which has been found only in association with 
denervation. It is concluded that the target fibre is a 
sign of skeletal muscle denervation. As the target 
appearance occurs in fibres of normal or somewhat 
smaller than normal diameter, it probably signifies 
recent denervation. 


Most of the muscle biopsies reviewed were 
generously provided by Dr. G. Milton Shy. Prof. 
W. Blackwood kindly permitted study of the 


specimen shown in Fig. la. 
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Assessment of Chronic Exposure to 
Radiostrontium by Urinary Assay 

RADIOACTIVE contamination of the biosphere and 
particularly of the human population is a contem- 
porary problem of high interest, and strontium-90 
is perhaps the most important single radionuclide 
concerned. We require to know what levels are being 
incorporated into the human population at any given 
time. Since food is the major route by means of 
which environmental radiocontaminants reach human 
beings, attention has largely been turned to the 
monitoring and surveying of food and water. This 
communication proposes that urinary assays of 
strontium-90 and calcium may have considerable 
advantage for the estimation of the contemporary 
strontium-90 to calcium ratio of the intake, and for 
estimation of the strontium-90 to calcium ratio in 
newly forming bone. The same considerations would 
also apply to strontium-89 whenever this radio- 
nuclide is of inportance. 

Several investigations have shown that, under 
typical conditions, the strontium to calcium ratios 
between diet, various tissues and secretions are 
roughly constant. Examination of results obtained 
by independent methods in many laboratories and 
countries has indicated that under usual dietary con- 
ditions the values of the ratio (strontium/caleium of 
sample (ref. 1)) to (strontium/calecium of precursor), 
called here the ‘observed ratio’, fall within a reason- 
ably narrow range, with few indications of variations 
as high as a factor of 2. Some typical values are as 
follows: observed ratio (body/diet) for human beings, 
0-25-0-50 (refs. 2-4); observed ratio (body/diet) for 
cattle, sheep, pigs, goats, 0-2—0-25 (refs. 2 and 5); 
observed ratio (milk/diet) for human beings, cow and 
goat, 0-09-0-16 (refs. 2 and 4). 

An example of the usefulness of this concept is the 
estimation of the comparative levels of strontium-90 
and calcium in the total dietary intake of dairy cattle 
by calculation from values in milk. There seems 
little question but that dividing the ratio strontium- 
90/calecium in milk by 0-1 (typical value for observed 
ratio (milk/diet)) would give an estimate of dietary 
intake more simply and more accurately than would 
efforts to measure total intakes directly or to sum 
the strontium-90 and calcium contributions of com- 
ponents of the feed and water. Also, an estimate of 
the strontium-90/calcium being laid down in the 
newly forming and exchangeable bone of the animals 
could be obtained by dividing this ratio in milk by 
0-5 (typical value for observed ratio (milk/plasma)). 

It is well known that urinary calcium excretion is 
highly variable between individuals and even from 
day to day in the same individual. It is assumed that 
urinary strontium would also be variable. Since many 
of the factors that affect the behaviour of calcium also 
affect that of strontium in the same way, there is the 
likelihood that variations would be smoothed by 
using the strontium-calcium ratio as the basis of 
measurement. 

Table 1 presents results from experiments with 
rats designed to show the variation of the observed 
ratio (urine/diet) with time following the start of 
ingestion. In Experiment 1, 8 rats of about 80 gm. 
body-weight were placed in metabolism cages and 
fed commercial rat pellets; the drinking water 
throughout the work was labelled with calcium-45 
and strontium-85 for double-tracer studies according 
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STRONTIUM-CALCIUM RELATIONSHIPS 
URINE OF RATS 


Table 1. BETWEEN DIET AND 


Observed ratio 
(urine/diet) * 


Time after start 
Experiment of dosage 





1 17 hr. 2-6 + 

Oe ws 28 + 

64 32 + 

le 30 + 

12 days 3-3 + 

7 28 + 

35» +i + 
Average 3- 

2 14 days o2 + 

* Observed ratio = Sr*/Ca* in urine + Sr*;Ca* in diet. 


+Mean + standard error of mean of 8 animals. 
t Mean + standard error of mean of 22 animals. 


to usual procedures®. It is noted that a statistically 
constant value of observed ratio (urine/diet) had been 
reached by 17 hr. after the start of ingestion of the 
radionuclides. In Experiment 2, 22 rats were used 
ranging in body-weight from 80 to 500 gm.; a mean 
value is reported since no significant differences were 
noted between age-groups. This work shows that 
urine values in rats do reflect intake of the previous 
few days, and that the variability was not excessive 
as shown by the values for the standard error of the 
mean. 

It is next of interest to examine the literature for 
values of observed ratio (urine/diet) for human beings 
in normal health. Two investigations have been 
reported in which the stable strontium and calcium 
of normal diets and urine were estimated’:*. From 
other work as yet unpublished, Dr. Herta Spencer 
of the Montefiore Hospital has made available some 
results of fall-out strontium-90 and stable calcium 
in the diets and urine of several individuals; in this 
series, three 6-day balance trials were run on each 
individual and the averages are reported. It is seen 
from Table 2 that, in 16 individuals of 4-64 years, 
the range of observed ratio (urine/diet) was 0-43- 
1:1 with a mean of 0-67 + 0-058; the variability was 
about the same as in the work on rats. The average 
value of 0-67 is in agreement with the typical values 
of observed ratio (body/diet) about 0-25 and observed 
ratios (urine/plasma) about 3 (ref. 7). Thus an 
estimate of the strontium-90 to calcium of the total 
diet would be obtained from the measured strontium- 
90/ealcium of the urine divided by the observed ratio 
(urine/diet), typical value 0-67 ; an estimate of the 
strontium-90 to calcium being laid down in the 


Table 2. STRONTICM-CALCIUM RELATIONSHIPS BETWEEN DIET AND 
URINE OF HUMAN BEINGS 
Sex Age Method Observed ratio | Ref. 
(urine/ diet) 
M 4yr. 10m. 1-0 8 
F 9yr. 9m. (stable strontium 0-83 8 
M 13 yr. 1m. and calcium in 0-60 8 
M l4yr. 4m. urine and diet) 0-72 8 
M l4 yr. 6m. 0-78 8 
F 29 yr. 0°45 7 
F 31 yr. (stable strontium 0-59 7 
M | 40 yr. and calcium in 0-50 7 
M 45 yr. urine and diet) 0-50 7 
M | 50 yr. 0-40 7 
PF 18 yr. 1-1 10 
PF 19 yr. (fall-out strontium- 0-43 10 
F 19 yr. 90 and stable cal- 0-64 10 
M 21 yr. cium in urine and 0-44 10 
F | 28 yr. diet) 0-93 10 
F 29 yr. 0-94 10 
F 64 yr. 10 


0-45 
Mean + standard 


error of mean 0-67 + 0-058 
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skeleton would be obtained by the strontium-90 

calcium of the total diet multiplied by the observed 

ratio (body/diet), typical value 0-25. 

Additional work is needed to get better measures 
of variability and of the effects of unusual diets, age 
or other factors that might modify the value of 
observed ratio (urine/diet). For example, it has been 
shown that new-born babies apparently have con- 
siderably higher values of observed ratio (urine/diet)’. 
In any event, it would appear feasible to collect 
enough urine samples (from the same individual and/or 
from different individuals) to give results of quite 
sufficient accuracy for purposes of food monitoring. 
The lower the contribution of food contamination 
relative to the total radiation exposure of the popula- 
tion, the lower the accuracy needed for assessment. 
Since present exposures from strontium-90 are only 
a few per cent of exposures from natural background. 
there would seem little need to evaluate food con- 
tamination with an accuracy much greater than 
appears to be possible from urinary surveys. 

The advantages of using urinary assays are listed 
as follows : (a) the urinary samples reflect the total 
amount of strontium-90 and calcium that enters 
body tissues, and there is no need to guess the con- 
tributions of given food items or the availability of 
the strontium-90 in given food items; (b) values are 
calculated in terms of total strontium-90 and total 
calcium in the intake, which is probably the most 
important parameter governing the body burden ; 
(c) any sudden changes in levels ef strontium-90 
would be noted early, and the results could reflect 
any day-by-day variations; (d) sampling and bulking 
would be relatively simple and work could be designed 
to reflect individual intakes as well as group averages 
classed according to any category of interest ; (e) 
the results could be interpreted to give values for 
concentrations of strontium-90 and strontium-90 
calcium ratios in areas of newly forming and ex- 
changeable bone ; (f) from a continued programme of 
sampling it would be possible to construct the time 
pattern of radiostrontium-levels in bone. 

Monitoring of food supplies by urinary assays 
would not eliminate the need for the examination of 
foods themselves, to obtain an understanding of the 
factors that govern the movement of radio-strontium 
in the food chain. 

This investigation was supported by the U.S. 
Atomic Energy Commission: it was mentioned at an 
information meeting of the Commission last autumn. 
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' Comar. C. L., Wasserman, R. H., and Nold, M. M., Proc. Soc. Exp. 
Bicl. and Med., 92, 859 (1956). 

* Comar, C. L., and Wasserman, R. H., Radioisotopes in the Biosphere 
edit. by Caldecott, R. S., and Snyder, L. A., 526 (Centre for Con- 
tinuation Study, Minn., 1960). 

’ Bryant, F. J., Chamberlain, A. C., Spicer, G. S., and Webb, M.S. W., 
Brit. Med. J., i, 1371 (1958). 

* Lough, 8S. A.. Hamada, G. H., and Comar, C. L., Proce. Soe. Exp. 
Biol. and Med., 104, 194 (1960). 

> Hogue, D. E., Pond, W. G., Comar, C. L., Alexander, L. T., 
Hardy, E. P., J. Anim. Sci. (in the press). 

* Wasserman, R. H., and Comar, C. L., Nature, 185, 629 (1960). 

? Harrison, G. E., Raymond, W. H. A., and Tretheway, H. C., Clinical 
Sci., 14, 681 (1955). 

* Bedford, J., Harrison, G. E., Raymond, W. H. A., and Sutton, A.. 
Brit. Med. J., i, 589 (1960). 

* Widdowson, E. M., Slater, J. E., Harrison, G. E., 
Lancet, ii, 941 (1960). 

1° Spencer, H. (unpublished work). 


and 


and Sutton, A. 





392 


Metabolism of the Sulphur Amino- 
Acids and of Sulphate in Blattella 
germanica 


THE cockroach and the Japanese beetle are able to 
utilize sulphate-S for the synthesis of methionine and 
cystine’. The German cockroach, Blattella germanica 
(L.), is also able to satisfy its sulphur requirements 
with homocystine, methionine sulphoxide, cysteic 
acid, taurine, and $-hydroxyethanesulphonic acid?. 
However, removal of the intracellular symbionts 
from the cockroach prevents 
sulphate-S into cysteine and methionine’. 

The present communication describes the results 
obtained when **S-methionine, **S-cystine, and their 
oxidation products were administered to xenic 
(symbionts and intestinal micro-organisms present) 
and aposymbiotic Blattella. Further developments in 
the study of the metabolism of **S-sulphate are also 
described. 

One to five microcuries of the *S-compound were 
injected into the insects, which were then maintained 
at 25° C. for one to seven days. They were then 
homogenized in 80 per cent v/v ethanol and the 
distribution of **S-components in the extracts and in 
hydrolysates of the residues was investigated. The 
results are summarized in Table | 

The approximate distribution of the radioactivity 
in the known compounds is indicated by the number 
of plus signs. The results show that: (1) Cystine and 
cysteine were rapidly converted to glutathione, 
taurine, and sulphate by both xenic and aposymbiotic 
Blattella, but conversion of cysteine to methionine 
occurred only in xenic Blattella. (2) Cysteie acid was 
decarboxylated to taurine and oxidized, to a small 
extent, to sulphate by both xenic and aposymbiotic 
insects. (3) Most of the taurine is excreted un- 
changed. However, when intestinal bacteria are 
present, some of the taurine is de graded to sulphate, 
which may then be used by the xenic cockroach for the 
synthesis of cystine. (4) Sulphate sulphur is incor- 
porated into cystine, methionine, taurine, sulphite, 
and various unidentified compounds by xenic Blattella 
but only sulphite and unidentified substances are 
formed by the aposymbiotic insect*. In contrast to 
the chick embryo xenic Blattella forms only a barely 
detectable amount of ™S-taurine after Na,**SO, 
administration. This suggests that, in the cockroach, 
taurine is not formed directly from sulphate, but via 
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cysteine. The reduction of sulphate to sulphite, which 
is widespread in plants and micro-organisms, occurs 
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in the cockroach and, to our knowledge, only in the * 


vitellin sac of the chick embryo‘. (5) Methionine and 
methionine sulphoxide appear to be completely 
interconvertible by both xenic and aposymbiotic 
Blattella. A small quantity of CH,SH, but no hydro- 
gen sulphide or cysteic acid, was produced by the 
insects injected with methionine. (6) The sulphur of 
methionine sulphone was not detected in any other 
compound after its administration. 

Cysteic acid has been proposed by a rumber of 
workers as an important intermediate in sulphur 
metabolism. As cysteic acid was not found in extracts 
of cockroaches after feeding or injection of sulphate, 
cystine, cysteine, methionine, or methionine sulphox. 
ide, it does not seem to be a significant intermediate 
in Blattaria. 

The results indicate that methionine and cystine 
are converted in the cockroach to sulphate by at least 
two pathways: (a) methionine sulphoxide = methio- 
nine —- (homocysteine) —- (cystathionine) — cysteine 
— (cysteinesulphinic-acid) — §-sulphinyl pyruvic 
acid — sulphite — sulphate ; or (6) methionine — 
(homocysteine) — (cystathionine) —- cysteine 
(cysteinesulphinic-acid) — (2-aminoethane sulphinie 
acid) —~ taurine —- ? —- sulphate. Pathway a for the 
oxidation of cysteine is characteristic of most 
organisms and is probably the principal method of 
sulphate production in the cockroach. 

In order to show that the results obtained with the 
aposymbiotic cockroaches were not due to traces of 
aureomycin carried over from the maternal diet, 
normal Blattella nymphs were placed on the aureo- 
mycin diet several days prior to cystine-**S adminis. 
tration and caged in aureomycin-coated flasks. No 
inhibition of trans-sulphuration occurred as a result of 
this treatment. 

The hypothesis that the intracellular symbionts are 
responsible for converting sulphate-S into methio- 
nine-S-cystine-S was substantiated by feeding 
Blattella nymphs a diet containing 0-1 per cent 
aureomycin until they matured. The adult insects, 
devoid of intestinal bacteria but retaining the intra- 
cellular symbionts, incorporated sulphur-35 from 
Na,*SO, into methionine, etc. ; but their aposym- 
biotic progeny were unable to utilize sulphate for 
amino-acid synthesis even after re-establishment of 
the gut microflora. 


























Table 1, RADIOACTIVE METABOLITES OBSERVED IN THE ALCOHOLIC EXTRACTS OF Blattella germanica AFTER INJECTION OF VARIOUS COMPOUNDS 
LABELLED WITH SULPHUR-35 
Metabolites into which sulphur-3: 35 was incorporated 
} [Methionine — | | | 
| Physiological condition Compound methionine Unidentified | 
of insect _ injected } Cysteine Glutathione sulphoxide Sulphate Taurine | compounds | 

Xenic Cyst(e)ine b+ 4 ++ } +++ “Present 
_Apeaymbiotic +++ + 4 |} ++- 
“Xe nic | Cysteie acid ~ - + +++ ‘Absent 
Aposy mbiotic | | - +. a ae 
Xe nic Taurine + | ++ > | ~ | +++ Present 
Aposy mbiotic - | | fs he of 
‘Xe nic Sulphate +++4 ~ | Present 
A posymobiotic | 
Xenic Methionine | +++ } +4 Present 
Aposy mbiotic | +44 + a 
“‘Xenic Methionine | 4 | +++ | + Present 
Aposy mbiotic sulphoxide | + +44 ~ _ | 
Xenic ‘Methionine _ | - | - _ Absent 


Aposymbiotic sulphone - - 
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The effect of temperature on sulphate utilization in 
xenic cockroaches was studied. Two unidentified 
compounds were produced in greater quantities at 
5° C. while a third, which was almost absent at 5° C., 
accounted for about 1¢ per cent of the total radio- 
activity of the ethanol extract when the animals were 
maintained at 20 to 25° C. A chloroform extract 
of cockroaches which had been injected with 
sulphate-**S and held at temperatures above 15° C. 
contained another unidentified radioactive com- 
pound, possibly a sulpholipid. 
this compound yields sulphate. Cystine and methio- 
nine were not formed at 5° C. 

This work was supported in part by Grant-H-2608 
(C-1) of the National Institutes of Health, U.S. Public 
Health Service. 

Ricuarp J. Biock 
S. Mark Henry 
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PHYSIOLOGY 


Selective Uptake of Specifically Bound 
Cobalt-58 Vitamin B,. by Human and 
Mouse Tumour Cells 


Many body fluids have been reported to contain 
substances that combine with vitamin B,,. However, 
research concerning the role of these substances in 
the absorption of vitamin B,, by animal cells has 
been confined mainly to work involving intrinsic 
factor preparations or normal human gastric juice. 
A large amount of evidence has led to general accep- 
tance that vitamin B,, bound to intrinsic factor is 
taken up by intestinal mucosa cells to a greater 
extent than unbound vitamin B,, (ref. 1). Intrinsic 
factor also has been shown to promote uptake of 
vitamin B,, by rat liver slices?:* and liver homo- 
genates‘. The latter process apparently is not 
influenced by changes of temperature, and it is not 
affected by metabolic inhibitors such as 2,4-dinitro- 
phenol*. 

The evidence that human serum may promote 
uptake of vitamin B,, by mammalian tissues remains 
contradictory. Herbert* has reported that the uptake 
of vitamin B,, by rat liver slices is enhanced if the 
slices are first incubated in the presence of human 
serum and then incubated in the presence of free 
vitamin B,,. Miller?, however, was unable to demon- 
strate a stimulation of uptake of vitamin B,, upon 
incubating rat liver slices simultaneously with human 
serum and vitamin B,,. Several authors have reported 
that normal human serum may be required for the 
utilization of vitamin B,, by human erythroid cells 
in tissue culture®*, but others have not been able to 
confirm this finding’. We have shown that human 
serum caused marked stimulation of uptake of 
vitamin B,, by HeLa cells and mouse Ehrlich ascites 
tumour cells. Enhancement of uptake of vitamin B,, 
by Ehrlich ascites tumour cells was produced also 
by mouse ascites fluid. These observations led to the 
further work reported here. 
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Ehrlich ascites tumour cells were taken from CF 1 
mice seven or eight days after intraperitoneal trans- 
plantation. The cells were centrifuged and, after 
removal of the supernatant ascites fluid, were washed 
three or four times in cold Krebs—Ringer phosphate 
solution. The cells then were re-suspended in sufficient 
Krebs—Ringer solution to yield a 1 : 5 dilution; 0-5 
mil. of this suspension per 5 ml. of incubation medium 
was used. The ascites fluid, filtered through cheese- 
cloth after clotting had taken place, contained 1-8 
mugm., or less, vitamin B,, per ml. on assay with 
Euglena gracilis’. 

HeLa cells (generously supplied by Dr. A. M. 
Masson, Virology Laboratory, McGill University, 
Montreal) cultured in medium 199 (purchased from 
Microbiological Associates, Washington, D.C.) con- 
taining 20 per cent calf serum were collected six days 
after sub-culture by shaking in 0-045 M ethylene- 
diamine tetraacetate at pH 7-4 for 30 min. The cells 
were washed three times in cold Krebs—Ringer phos- 
phate solution containing 100 mgm. glucose per 
100 ml. After re-suspension in Krebs—Ringer solution, 
approximately 0:2 ml. of packed cells was used per 
6 ml. incubation medium. Human serum was obtained 
from patients with pernicious anzwmia in relapse and 
from patients in the third trimester of pregnancy in 
order to ensure a low concentration of non-radioactive 
vitamin B,,. The sera used had a vitamin B,, 
content of 0:25 mugm., or less, per ml., on assay with 
Euglena gracilis®. 

Hog intrinsic-factor concentrate (supplied by 
Ayerst, McKenna and Harrison, Ltd., Montreal) was 
optimally active in the Schilling test in a dosage of 
100 mgm. per 0-5 ygm. vitamin B,,. Normal human 
gastric juice was obtained, after histamine stimula- 
tion, from at least six donors. The juice was filtered 
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Fig. 1. Uptake of cobalt-58 vitamin B,, by Ehrlich ascites tumour 

cells with varying concentrations of ascites fluid. Vitamin Bys- 

binding capacity of ascites fluid by charcoal adsorption method 

was 5 mugm. B,;,/0-12 ml. ascites fluid. (5 ml. incubation medium 

contained 5 myugm. cobalt-58 vitamin B,, and approximately 

10 mgm. dry weight of cells.) O—O, Uptake in 60 min. 
@—@., uptake in less than 1 min. 
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Fig. 2. Rate of uptake of cobalt-58 vitamin By, by Ehrlich ascites 


tumour cells. (5 ml. incubation medium contained approximately 

10 mgm. dry weight of cells.) O—O, Medium contained 5 myzgm. 

cobalt-58 vitamin By, and 0-12 mil. ascites fluid per 5 ml.; 

@—@, medium contained 5 muagm. cobalt-58 vitamin B,, per 
5 ml., but no ascites fluid 


through cheesecloth, adjusted to pH 10 to destroy 
pepsin, and neutralized to pH 7:0. The human 
serum, gastric juice, and mouse ascites fluid were 
stored separately in small aliquots at —20° C. until 
they were used. 

The tumour cells were incubated in flasks containing 
2-5 mugm. cobalt-58 vitamin B,, (obtained from 
Merck of Canada), together with human serum or 
appropriate quantities of other B,,-binding materials, 
in the presence of Krebs—Ringer phosphate solution. 
Flasks were incubated at 37° C. in an atmosphere of 
air in a constant-temperature shaking water-bath. 
After an appropriate incubation period, the cells were 
removed by centrifugation and washed three times in 
cold phosphate-buffered saline. The cells were then 
resuspended in 1 ml. of water and counted in a 
well-type scintillation counter. 

Ascites cells were incubated with a constant 
quantity of cobalt-58 vitamin B,, and varying 
amounts of ascites fluid and the amount of vitamin 
B,, taken up by the cells was estimated. The augmen- 
tation by ascites fluid of vitamin-B,, uptake by the 
cells was found to be optimal when the B,,-binding 
capacity of the ascites fluid added was equivalent to 
the quantity of vitamin B,, in the medium (Fig. 1). 
The B,,-binding capacity of ascites fluid, as determ- 
ined by a modification of the charcoal adsorption 
method of Miller*, was found to be 41-6 mugm. 
vitamin B,, per ml. A similar relationship was 
observed between the charcoal-binding capacity of 
human serum and the uptake of cobalt-58 vitamin 
B,, by HeLa cells. 

The pattern of uptake by ascitescells of bound cobalt- 
58 vitamin B,, is shown in Fig. 2. Negligible uptake 
values were obtained when ascites cells were incubated 
in the absence of ascites fluid. However, the addition 
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of ascites fluid to the reaction mixture resulted in , 
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very rapid initial uptake, occurring within the firs, Quas 


minute of incubation, followed by a slower uptak 
directly proportional to time for at least 60 min 
Further experiments showed that the initial © 
‘primary’ uptake was almost completely unaffecte; 
by changes in temperature or pH, whereas the slower 
‘secondary’ uptake was dependent on temperatuy 
and had a pH optimum at 7-4. 

The effect of increasing concentrations of the 
ascites fluid—B,, on these two phases of uptake js 
shown in Fig. 3. Both describe exponential curves 
with increasing concentration. Similar observations 
were made with HeLa cells incubated in human serum 
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Fig. 3. Effect of varying concentrations of cobalt-58 vitamin 
B,, and ascites fluid on B,, uptake by Ehrlich ascites tumour 
cells, (5 ml. incubation medium contained approximately 


10 mgm. dry weight of cells) 


} 


Both ascites cells and HeLa cells were found to take | 


up the vitamin B,, only in the presence of certain | 


fluids. HeLa cells took up vitamin B,, bound only to 
human serum, whereas vitamin-B,, uptake by ascites 
cells was stimulated by human serum, mouse ascites 
fluid, and mouse serum. Neither type of cell took up 
vitamin B,, bound to hog intrinsic-factor concentrate, 
human gastric juice, chick serum or calf serum. 
However, incubation with hog intrinsic-factor con- 
centrate followed by incubation with cobalt-58 vitamin 
B,., a8 described by Herbert*, waseffective in enhancing 
uptake by these cells: conversely, incubation with 
human serum or mouse ascites fluid followed by that 
of cobalt-58 vitamin B,, was not effective. This 
suggests that the phenomenon described here probably 
differs from that observed with rat liver slices by 
Miller? and Herberi*. 

In summary, mouse ascites fluid and human serum 
have been found to produce approximately a twenty- 
fold increase of uptake of vitamin B,, by mouse ascites 
tumour cells and by HeLa cells. Under the same 
conditions, human gastric juice and hog intrinsic- 
factor concentrate were ineffective in promoting 
uptake of vitamin B,,. Uptake of vitamin B,, 


occurring in the presence of mouse ascites fluid or 
human serum was found to be a bi-phasie reaction 
consisting of a rapid or ‘primary’ uptake which is 
probably of a physico-chemical nature, and a slower 
or ‘secondary’ uptake differing from the first in 
depending on temperature and possessing a pH 
optimum at 7-4. 
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Outflux of Inorganic and Organic Phosphate 
during Membrane Depolarization of 
Excitable Tissues 


Ir was reported in a previous paper! that the 
outflux of phosphorus-32 from an isolated sartorius 
muscle of the frog into phosphate-free Ringer solution 
was accelerated markedly during electrical stimula- 
tion, or when the external solution was devoid of 
calcium or contained a high potassium (30 mM) 
concentration. Subsequent findings revealed that 
not only inorganic phosphate but also many organo- 
phosphates such as adenosine triphosphate (ATP) 
and phosphocreatine were released during membrane 
depolarization under such experimental conditions. 
The present communication concerns the outflux of 
nucleotides and other phosphates from frog sartorius 
muscle and spinal nerve roots during electrical 
stimulation and calcium depletion. 

Isolated frog sartorius muscle was immersed in 
frog Ringer solution containing phosphorus-32 (car- 
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rier-free orthophosphate, 25 wc./ml.) for 2 hr. at room 
temperature (25° C.). In general, five paired muscles 
were used for each control and experimental run. 
The muscles were then washed in Ringer solution for 
20 sec. and the initial soaking procedure continued 
for 2 hr., during which time the muscles were trans- 
ferred every 20 min. into a series of beakers con- 
taining 10 ml. of phosphate-free Ringer solution. 
The extracellular phosphorus-32 was virtually washed 
out by this procedure’. The control muscles were 
then placed in 2 ml. Ringer solution (112 mV 
sodium chloride ; 2mWM potassium chloride ; 1-8 mM 
calcium chloride ; and 2 mM sodium bicarbonate) 
and the experimental muscles in calcium-free Ringer 
solution (112 mM sodium chloride ; 2 mM potassium 
chloride ; 2 mM sodium bicarbonate; and 4 mM 
ethylenediamine tetraacetic acid (EDTA)) for a 
period of 1 hr. For stimulation experiments, the test 
muscles were immersed in Ringer for 40 min. while 
supramaximal electrical stimulation (1/3 sec. pulses) 
was applied through a pair of platinum electrodes 
dipped in Ringer solution. The final external solution 
was then run through a ‘Dowex 1’ anion-exchange 
column, and the phosphates separated and analysed 
as described elsewhere. 

Two pairs of sciatic-spinal root nerve preparations 
were isolated from a bull-frog, and unilateral pairs 
used for test and control preparations. The nerve 
roots (ventral and dorsal) of the preparation were 
soaked in Ringer solution containing 50 uc./ml. of 
orthophosphate-**P for 2 hr. (the sciatic nerves and 
spinal ganglia were kept exposed in a moist chamber 
during the whole course of the experiment). The 
nerves were washed and treated in the same manner 
described for the muscle preparations. The applica- 
tion of stimulation (50 pulses/sec.) and recording of 
action potential was carried out on the sciatic nerve 
for 40 min. The incubation medium was then 
analysed as in the case of muscle. The external 
solution contained phosphorus-32 originating from 
within the nerve fibre, while the phosphorus-32 of 
the interfibre was considered to diffuse out completely 
during the 2-hr. washing procedure (unpublished 
work). 

Both the total amount and the specific activity of 
the tissue phosphates were studied in the external 
solution following incubation. In a calcium-free 
solution containing EDTA there was a considerable 
increase in all the phosphates examined, including 
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Inorganic Phospho- 
phosphate creatine ATP | ADP AMP CMP UMP 
wumoles sa | umoles sa | umoles sa | umoles sa | umoles sa | umoles sa pmoles sa 
Calcium-free Control | 0-04 2380 | 0-01 50 0-02 40 | 0-005 —|ows — 0-005 — | 0-00 —_— 
EDTA Exp. 0-15 270 | 013 60 0-04 50 | 0-01 10 | 0-02 $ 0-01 1 Trace _ 
muscle Change 365 -6 770 20 | 100 25 100 — 250 - 100 ~ —_— — | 
(per cent) 
Stimulated | Control 0-03 250 0-01 45 0-02 40 0-00 —_— 0-00 — 0-00 | 
muscle ; Exp. 0-15 225 0-02 50 0-03 45 Trace - Trace _ Trace | 
| Change 500 -10 100 il 150 2 —_— - —_ — — —_ | 
(per cent) | 
Calcium-free | Control 0-05 210 0-005 45 0-01 35 0-00 — 
EDTA Exp. 0-15 225 0-008 =50 0-03 38 Trace 
herve Change 200 7 160 11 200 
(per cent) | 
Stimulated Control 0-04 205 0-005 40 0-01 30 0-00 
herve | Exp. 0-06 220 0-007 = 35 0-02 33 Trace 
| Change 50 | 


(per cent) 

















ADP, adenosine diphosphate; AMP, adenosine monophosphate; CMP, cytidine monophosphate; UMP, uridine monophosphate. 
Each result is an average of 3 experiments agreeing within 10 per cent. 


sa=counts per min./umoles phosphate x 10~* 
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eytidylic and uridylic acid, the increase being greatest 
in inorganic phosphate and phosphocreatine. A small 
increase in the specific activity of phosphocreatine 
and ATP was observed, the activity in the other 
nucleotides being too low to compare. In the case 
of the electrically stimulated muscle, a 500 per cent 
increase occurred in inorganic phosphate, a 100 per 
cent increase in phosphocreatine, and 150 per cent 
in ATP. The other nucleotides, though showing a 
slight increase after stimulation, were present in only 
trace amounts. When frog spinal nerves were 
exposed to calcium-free EDTA solutions, a 200 per 
cent increase was noted in the concentration of 
inorganic phosphate, phosphocreatine and ATP, while 
the change in the specific activity of these fractions 
was insignificant. After electrical stimulation of frog 
nerves, a 50 per cent increase in the phosphorylated 
intermediates was observed. 

The present results can be interpreted in a number 
of ways. The most likely interpretation is that there 
is a loss of calcium in excitable tissues exposed to 
either calcium-free EDTA solutions or electrical 
stimulation? This loss of calcium may result in a 
structural re-arrangement of the excitable membrane 
in such a way as to permit the loss of certain sub- 
stances, either from the membrane itself or from the 
internal body of the tissue. The phosphates such as 
ATP may actually be intimately involved in the 
structural configuration of the membrane ; and with 
the breakdown or loss of ATP there is a concomitant 
change in membrane permeability, as well as mem- 
brane depolarization. It is conceivable that the 
calcium diffuses out of the tissue as a phosphate 
complex, since, at the pH of the cell, calcium would 
be expected to form a complex readily with such 
phosphates as orthophosphate and ATP. The loss of 
phosphocreatine, however, would tend to indicate 
that some of the phosphates, at least, are not asso- 
ciated with calcium. To some extent, the efflux of 
phosphates from muscle may be due to the contractile 
events, but, in view of the results with nerve roots, it 
appears that to a considerable extent the efflux is 
associated with membrane depolarization. It has 
been suggested elsewhere* that the high-energy 
phosphates in excitable tissues may be compart- 
mentalized, and that the important phosphates, so 
far as excitation is concerned, may be associated with 
the membrane itself. Preliminary work indicates 
that the specific activity of the phosphates in the 
external solution obtained during incubation is 
greater than that in internal muscle or nerve. It 
is possible, therefore, that the phosphates leaking out 
during loss of calcium are probably those primarily 
associated with the membrane, and that they may be 
more intimately related to the chemical events 
associated with excitatory phenomena. 

This work was supported by a U.S. Public Health 
Service grant, B—1650. and by the Teagle Foundation. 
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A Hydrostatic Function of the Accessory 
Respiratory Organs in Air-breathing 


Fishes 
AccEssoRY respiratory organs in fishes hav 
generally been thought to be concerned with 


breathing atmospheric air'. That, like any other gas. 
filled space, they can also be connected with th 
perception of hydrostatic pressure has not bea 
reported earlier. In fishes, perhaps the very existene 
of a swim-bladder, which takes the major role ij 
regulating the density of the fish* and functioning as, 
hydrostatic organ’, has diverted attention from other 
gas-filled organs which may have a similar function 

The accessory respiratory organs are supposed t 
have developed in response to exceptional environ. 
mental conditions which made aquatic respiration 
inefficient‘. They may be simple secondary pharyn. 
geal folds as in Ophicephalus, or sets of complicated 
and highly evolved opercular branchial chambers as in 
Clarias, Heteropneustes and Trichogaster*. In every 
case, fishes possessing these organs are known to 
visit the surface to gulp air®. 

When such air-breathing fishes are subjected to 
variations in hydrostatic pressure, control of the 
volume of air contained in the accessory respiratory 
organs occurs. At increased pressure the air in the 
accessory respiratory organ is retained, the fishes stay 
at or near the bottom and postpone their visit to the 
surface for relatively longer periods. When the 
pressure is decreased, the fishes begin to float up until 
they release gas from their accessory respiratory 
organs. Even in bottom-living fishes such as Clarias 
and Heteropneustes, a small reduction in pressure of 
6-7 cm. mercury causes gas bubbles to be released. 
Further reduction brings about more release of gas, 
and when the pressure is reduced by 60-65 ecm. 
mercury, practically all the gas from the accessory 
respiratory organs escapes. At such a reduced pres- 
sure, fishes like Ophicephalus and Trichogaster, which 


‘ 
. 


have a functional, physolistic type of swim-bladder’, | 


float helplessly upwards after the gas from the 
accessory respiratory organs has been expelled. Other 
fishes such as Clarias and Heteropneustes, which have 
a non-functional physostomatous type of swim- 
bladder*, when put under reduced pressure, make 
dashing movements to the surface to gulp air, but 
being unable to retain it, eventually sink to the 
bottom. To ensure that in these physostome fishes 
the release of gas occurs from the accessory respira- 
tory organs and not from the swim-bladder, further 
tests were made in Heteropneustes by puncturing its 
accessory respiratory organs. As the accessory 
respiratory organs in this fish are long, paired, sac-like 
structures situated dorsally, the puncturing operation 
could be made without causing undue injury to the 
fish. When such fishes were subjected to a reduction 
in pressure, the air was partly expelled through the 
punctured opening and partly from under the 
operculum. 

The above experiments clearly show that there are 
striking similarities between the accessory respiratory 
organs and the physostomatous swim-bladder. In 
both cases the fish can control the volume of gas by 
swallowing and releasing air, and in this way either 
of them can act as a hydrostatic organ. lt is interest- 
ing to note that physostome fishes predominate in 
fresh-waters® and so do the air-breathing fishes. In 
some forms such as Clarias and Heteropneustes the 
swim-bladder has become reduced and non-functional. 
These fishes possess large and highly developed 
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accessory respiratory organs presumably to com- 
pensate for the hydrostatic function of the swim- 
bladder as well as acting as respiratory organs. Such 
a correlation does not seem merely an accident, for in 
many fishes the swim-bladder acts as a respiratory 
organ®. It is therefore less surprising to find the 
aceessory respiratory organ taking a part in the 
hvdrostatie function. 

: S. Z. Qastm 
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HAMATOLOGY 


Abnormal Fetal Hemoglobins 

DurInG the past few years, certain human foetal 
hemoglobin (Hb) variants characterized by electro- 
phoretic mobility different from that of foetal hamo- 
globin have been described. They are: the Hb of 
Fessas and Papaspyrou!', characterized by mobility at 
alkaline pH, faster than that of Hb F'; Hb Bart’s de- 
scribed by Ager and Lehmann®, and also characterized 
by mobility at alkaline pH faster than that of Hb F ; 
Hb Alexandra, slower than Hb F, described at the 
same time by Fessas et al.* and by Vella et al.*. 

The two fast hemoglobins (Hb of Fessas and 
Papaspyrou and Hb Bart’s) are most probably the 
same hemoglobins. In fact, both these hemoglobins 
have electrophoretic mobilities at alkaline pH 
between those of Hb J and Hb H (refs. 2—5) and at 
acid pH anodic mobility slightly lower than that of 
Hb H; their resistance to alkali denaturation is 
greater than that of Hb A but smaller than that of 
Hb F (refs. 2-5); their ultra-violet spectra are of the 
fetal type (refs. 2-5), and in chromatography 
pH 6 they have greater mobility than Hb H and any 
other type of hemoglobin?-*:*. 

Hb Alexandra has been found rather frequently® in 
new-born Asiatic infants (Chinese, Malayans, etc.). 
Its mobility at alkaline pH is between that of Hb S 
and that of Hb F or A,; it does not separate from 
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Fig. 1. Paper electrophoresis of Hb Bart’s (399 F, above) and cord 
blood control (below). Glycine buffer pH 8-8, ionic strength 0-04. 
Staining with bromophenol blue. Greater mobility of fast fraction 
than of cord blood hemoglobin 
Fig. 2. Starch gel electrophoresis of Hb H (above) and Hb Bart's 
(390 F, below). Phosphate buffer pH 6, ionic strength 0-12. 
Staining with amido-Schwarz. jldentical mobility of faster foetal 
fraction and Hb H, fraction 


ion-exchange chromatography; its resistance to 
alkali denaturation and its ultra-violet spectrum are 
sunilar to those of Hb F'; it gradually disappears 
during the first post-natal months. 

In a survey conducted among the Italian population 
on 1,200 samples of the umbilical cord blood of new- 
born infants, we have found two cases which had a fast 
fraction and one with a slow fraction. 

The fast hemoglobin has greater electrophoretic 
mobility at alkaline pH than that of the mixture of 
HbA + Hb F (Fig. 1) and is very similar to that of 
fraction H, (the less fast of the two fractions present 
in carriers of Hb H, ref. 7). At acid pH, its anodic 
mobility is identical with that of fraction H, of Hb H 
carriers (Fig. 2). 

Agar-gel electrophoresis at acid pH reveals between 
fraction F and fraction A two very small spots near 
each other which are, however, also found in wnbilical 
cord hemoglobins without a fast fraction, and which 
correspond probably to the twe small fractions which 
normally precede Hb A. 

On ‘Amberlite JRC—50° column chromatography at 
pH 6, the fast fraction does not appear to be identi- 
fiable, probably due to the small quantity present. 

Quantitatively (Table 1) the amount of fast Hb is 
small. The ultra-violet absorption spectrum of the 
isolated fast fraction is identical with that of Hb F 
the alkali-resistance of the isolated fast fraction® is 
4-5 min., which is intermediate between the resis- 
tance of Hb A and that of Hb F. 

It is evident that the fast hemoglobin has all the 
characteristics of Hb Bart’s Hb of Fessas and 
Papaspyrou. These characteristics are, however, 
identical also with those we found for H,. In a pre- 
vious survey’ on 5 cases of Hb H-microcythemia, we 
have shown the constant presence of two fractions of 
Hb H, one faster, Hb H,. and one less fast. Hb H, ; 
and we have shown that Hb H, has a foetal type of 














Hb F on agar-gel electrophoresis at acid pH or on ultra-violet spectrum, whereas Hb H, has a normal 
Table 1. PERCENTAGES AND SPECTROPHOTOMETRIC INDEX OF THE VARIOUS HA&MOGLOBIN FRACTIONS 
Readings made on a Beckman D.U. me trophotometer 
Values by starch block E (3-000 A.) E (2-800 A. _Fay 
Hb a-r electrophoresis f (pe r cent) # (2-800 A.) Lh. (+ 150 A. ) ¥e/28 
Cases per cent | A — — — = ie one _ 
on the Hb 4 Hb A “Hb . Hb A | 
total Hb* Fast Slow | + “ast Slow Fast Slow Fast Slow - } 
Hb Hb | HbF Mb Hb Hb F Hb Hb Hb F Hb | Hb Hb F 
399 F 65-8 4-01 : 95-99 | 465 48-3 0-40 ~ 0-25 0-82 | 0-77 | 
033 P 66°3 3. 05 48-4 50-0 054 | z 0-82 0-57 
0153 F 60-9 13-05 45-9 45°5 0°31 0-25 0-74 0°56 














° Hi: zmoglobin resistant to denaturation by 
+ According to Kunkel and Wallenius. 
E (5,800 A.) of the solution at the end of denaturation by alkali. 


+ Ba = 
8 


alkali, according to Singer et al. 


E, = E (5, 800 A. ) of the solution before denaturation by alkali. 
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Fig. 3. Starch gel electrophoresis of adult microcythemic hemo- 

globin (above), cord blood hemoglobin with slow fraction (0153 F, 

at centre), normal cord blood hemoglobin (below). Borate buffer 

pif 8-4, ionic strength 0-06. Staining with amido-schwarz. The 
slow foetal fraction is faster than Hb A, 








Fig. 4, Chromatography on columns of ‘Amberlite 7RC—50’ of cord 

blood hemoglobin with (a) slow fraction (0153 F) and (6) normal 

sord blood hemoglobin. Citrate buffer pH 6, ionic strength 0-05. 
The slow fietal hemoglobin lies between A and F bands 


spectrum. This finding has also been reported in the 
literature’. 

Hb Bart’s and Hb H, have therefore the same 
electrophoretic and spectrophotometric behaviour 
(Table 1). It is now known’ that Hb Bart’s is a 
hemoglobin composed of y-chains only, that is, a 
foetal hemoglobin without «-chains, and Hb H 
(chromatographically separated)" consists of 8-chains 
only, that is, it is an adult hemoglobin without 
a-chains. It can therefore be deduced that Hb H, 
also consists of y-chains only and Hb H, (correspond- 
ing to Hb H of the literature) of 8-chains only : this 
would agree also with the spectrophotometrie proper- 
ties of these fractions. 

The Hb of Fessas and Papaspyrou! and Hb Bart’s? 
were originally described in microcythemic new-born 
infants and later found to be present even after 
infancy ; Tuchinda et al.% and Boyo et al.'*, on the 
contrary, have reported disappearance of the fast 
fraction within three months after birth. 
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In the present two cases, an examination after differ 
three months showed that the fast fraction hag $ locus 
disappeared. No trace of microcythemia has beenf and ‘ 
found in the children or their parents. The conclusion’ same 
must be drawn that Hb Bart’s, present at birth in’ phor 
non-microcythemic individuals, disappears within; at su 
a few months, whereas Hb Bart's, which appears i, Th 
carriers of microcythemice syndromes, persists. haem 

The slow fcetal hemoglobin, identified in one case polyy 
during the survey, has a mobility at alkaline pH} furth 


higher than that of Hb A, (Fig. 3) and lower than that hem 
of Hb S. On acid pH paper, starch-gel or agar-ge] of ha 
electrophoresis, it does not separate from Hb F. are p 
Chromatography reveals, in our hands, in tests genet 
extending over more than 36 hr., the separation of an _ result 
intermediate band between that of Hb F and that of these 
Hb A (Fig. 4) which does not appear in foetal hemo. and t 


globins without the slow fraction. This differs from‘ in 19 


the finding described in the literature for Hb Alexandra the 51 
and requires confirmation. heme 
A small amount of this slow hemoglobin is also same 


present (Table 1); it is always greater than the / studic 


amount of fast foetal Hb. The ultra-violet spectrum  seque 
of the slow fraction isolated is of the foetal type, but _ revie' 
the alkali-resistance test also gives results for this _heter< 
hemoglobin intermediate which are between those / betwe 
of Hb F and those of Hb A. corrol 
This investigation has been supported by a grant The 
from the National Council of Research. subst 
re the « 
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Thalassemia and the Abnormal Human -< 
Hemoglobins es 
” ) to he 
THE preponderance of hemoglobin A over hemo: © py ony 
globin S in sickle-cell trait was observed in the | phopos 
course of our initial studies on the hemoglobin of | forms 
sickling cells'. Later work carried out in collaboration | of the 


with other laboratories showed that the ratio of these , differe 


hemoglobins is inherited? and that simultaneous — hypot} 
presence of a gene for an abnormal hemoglobin and — two g 
a gene for thalassemia results in partial or complete norma 
suppression of synthesis** of hemoglobin A. AN two in 
exceptional case in which presence of a thalassemia Tots 
gene did not alter the proportion of hemoglobins 4 consti 
and C in hemoglobin C trait was observed elsewhere’. — alterat 
These findings formed the basic evidence on which ) for oj 
we proposed the following concepts about the in- | the ¢p; 
heritance of hemoglobin: (1) alleles may be present Analy: 


that control the synthesis of hemoglobin A at 


would 
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1 after different rates*; (2) there may exist more than one 
nm had $locus for thalassemia’; (3) in some cases thalassemia 
8 been f and abnormal hemoglobins may be controlled at the 
clusion’ same locus’; (4) a structurally abnormal but electro- 
irth in’ phoretically normal hemoglobin may be synthesized 
within) at sub-normal rate in thalasszemia‘:?®. 
ears ip The discovery’® of a chemical abnormality in 
hemoglobin S and the discovery"! of two types of 
16 case polypeptide chains in hemoglobin A resulted in 
ne pH} further additions to the theory of inheritance of 
an that hemoglobin, namely, that control of the structure 
gar-gel_ of hemoglobin and control of its rate of synthesis 
Hb F. are properties of the same allele, and that separate 
tests yenetic control of synthesis of the two chains would 
n of an result in four hemoglobins in double heterozygotes; 
that of these postulates about the inheritance of thalasszemia 
hemo. andthe abnormal hemoglobins were given in a review® 
s from ‘in 1957. The concepts that the alleles controlling 
xandra the synthesis of myoglobin, adult hemoglobin, foetal 
hemoglobin and hemoglobin A, evolved from the 
is also same primitive allele and that comparative structural 
in the! studies might reveal similarities in amino-acid 
etrum sequence or position were proposed in the same 
6, but review®. The presence of four hemoglobins in double 
wr this heterozygotes and the existence of structural analogies 
those / between hemoglobin and myoglobin have been 
corroborated recently!?-'®, 
grant That chemical studies reported since 1957 have not 
substantially altered our inferences is evident from 
the conclusions expressed by Ingram and _ his 
ONT associates in a recent series of papers!?-2°, These 
papers are remarkable for the extent to which the 
custom of giving pertinent references to the ideas 
nemie | aad findings of others has been ignored. 

An experimental test of our thalassemia hypothesis 
by comparison with the amino-acid composition of 
peptides of hemoglobin from normal human beings 

183, 39 and patients with thalassemia major was proposed 
' by Ingram and Stretton'’. We point out that thal- 
oun a minor, in which, according to our hypo- 
| thesis, a mixture of normal adult and thalassemia 
7. Prat, | hemoglobins is present, is a more readily available 
| source of hemoglobin than thalassemia major, and 
allisner, } might be used for this purpose. The observation of 
‘hmann, | Non-integral numbers of two amino-acitl residues per 
yo molecule of hemoglobin from a subject with thal- 
’ |} assemia minor would indicate the presence of an 
‘ inherited variant with a single amino-acid substitu- 
i, J.R. | tion in the hemoglobin of thalassemia. The frac- 
| tional deviation from the proper ratio of integral 
' numbers would be proportional to the relative rates 
)of synthesis of hemoglobin A and _ thalassemia 

an hemoglobin. 

Familial differences in the ratio of hemoglobin A 
to hemoglobin S in sickle-cell trait were ascribed 

1M0- by one of us® to different alleles that result in electro- 
n the | phoretically indistinguishable but chemically distinct 
Din of | forms of hemoglobin A. Accurate chemical analyses 
ration — of the hemoglobin A of sickle-cell-trait subjects with 
these ) different inherited ratios would provide a test of this 
neous hypothesis. Furthermore, non-integral numbers of 
nand two amino-acid residues in the hemoglobin of a 
aplete normal individual would suggest heterozygosity in 
“An _ two inherited variants of hemoglobin A. 
gemma Total amino-acid analyses of hemoglobin or its 
ins 4 constituent chains would fail to detect one type of 
here’. | alteration that has been suggested as a possible basis 
which ) for electrophoretically identical subtypes, namely, 
1e M- | the transposition of amino-acid residues in a chain®?!. 
re Analysis of peptides obtained by tryptic digestion 


would also fail to detect transposition if the trans- 
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posed segment did not contain a basic amino-acid. 
A search for such an alteration by complete sequential 
analyses of different samples of hemoglobin A would 
be a formidable task for any laboratory. However, 
a number of laboratories are studying the amino- 
acid sequence of hemoglobin A, with use of samples 
from different sources. If disagreements emerge with 
regard to the sequence of residues in polypeptide 
fragments of identical composition, inherited trans- 
positions must be considered as a possible explana- 
tion. 
Harvey A. ITano 
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PATHOLOGY 


Anaphylactoid Reaction in Rats 

THE primary injection of dextran or egg white into 
rats produces hyperemia, pruritus, and cedema of the 
face, tongue and paws; symptoms of the so-called 
anaphylactoid reaction’. While studying factors 
which modify this reaction, it became apparent that a 
proportion of rats failed to show this response. This 
problem was therefore examined in detail. 

Most of the experiments were performed on groups 
of either male or female albino Wistar rats obtained 
from the Agricultural Research Council’s Field Station 
at Compton. Their diet consisted of cubes (No. 41, 
Associated London Flour Millers, Ltd.) and they were 
allowed drinking water ad iib. The initial dose of 
dextran was 0-3 ml. per 100 gm. body-weight (180 
mgm./kgm.). Fifteen out of 60 adult rats (25 per cent) 
failed to show the anaphylactoid reaction when this 
dose of dextran was given intraperitoneally, and a 
similar proportion did not react when the dextran 
was given intravenously together with Evan’s blue 
dye. The animals initially resistant to this dose of 


400 
dextran were resistant to doses of 0-05, 0-2 and 
0-8 ml. per 100 gm. when tested at weekly intervals. 
Similar results were obtained when fresh egg white 
(10 ml./kgm.) or a second brand of dextran was used. 
The rats which did not respond to dextran also failed 
to respond when subjected to stress (withdrawal of 
food for 24 hr.). They were not diabetic, and the 
weights of their adrenal glands were similar to those 
of control rats. There was no deficiency in the 5-hy- 
droxytryptamine content of the skin of rats not 
responding to dextran, and dextran was ineffective 
in these rats even when pre-treated with 5-hydroxy- 
tryptophan. The intravenous toxicity of histamine 
was also unchanged. 

Procedures which potentiate the anaphylactoid 
reaction in control rats were then tried in animals 
not responding to dextran. Pre-treatment of the rats 
with insulin (4 1.v./kgm.) or chlorpropamide (100 
mgm./kgm.) failed to facilitate the response, and so 
did adrenalectomy when the animals were tested at 
6, 13 and 20 days after the operation. In these experi- 
ments, up to 50 per cent of the control animals died 
after showing the anaphylactoid reaction. When 
insulin and the stress of food withdrawal were used in 
adrenalectomized rats, the resistant animals again 
failed to show the anaphylactoid reaction. 

In this work, 832 rats have been used, and no fewer 
than 162 (about 19-5 per cent) have failed to respond 
to dextran or egg white. When, however, some of the 
experiments were repeated using Sprague Dawley 
and hooded Lister rats, the anaphylactoid reaction 
developed at a fast rate, and no failures were obtained. 
Further work is now in progress to determine the 
characteristics of the strain specificity with regard to 
dextran. The immunological aspects of the problem 
may be of paramount importance in the study of 
human allergies. 

J. M. Harrtis* 
G. B. West 
Department of Pharmacology, 
School of Pharmacy, 
University of London, 
29-39 Brunswick Square, 
London, W.C.1. 
* Present address: School of Pharmacy, Brighton Technical College. 
Endocrinology, 21, 169 (1937). 
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Treatment of Thrombocytopznic 
Hemorrhage with Cstriol Succinate 


THE therapeutic indications for cestriol have, until 
now, been limited to the treatment of superficial 
conditions of the cervix, vagina and vulva, and to 
the relief of menopausal symptoms. At the dosage- 
level effective in these cases, cestriol has no effect on 
the endometrium and not, therefore, lead to 
irregularities in the menstrual cycle or to uterine 
hemorrhage. 

I have recently carried out an investigation into 
the hemostatic properties of a pure intravenous 
preparation of cestriol succinate (kindly supplied by 
N.V. Organon, Oss, Holland) in hemorrhages of 
varying pathogenesis. It became clear very early in 


does 


our investigations that this substance has a rapid 
effect on all types of thrombocytopenic bleeding, its 
action being particularly marked in the acute toxic 
and allergic thrombocytopenias. 

The substance was administered to patients of 
normal weight in intravenous doses of 10 mgm. and 
provided adequate protection from hemorrhages for 
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None of the 100 patients so far treat: 


Vou. 191 


about 48 hr. 


in this way has shown side-effects. } 

My investigations into the mechanism of thf 
normal clotting process have demonstrated thy 
cestriol succinate acts on this mechanism in ty 
distinct ways: (1), a direct action on the blog 
vessels, reducing their permeability ; and (2), 


effect closely similar to that of thrombocyte factor 3 

The latter action can be’ irrefutably demonstrate 

using the thrombokinase-formation test. Details ¢} 
my work on the clotting mechanism will be pul 

lished elsewhere. 

No significant increase in thrombocyte count wa 
observed during the above treatment. The dangeroy: 
incidents which occur all too frequently in th 
course of thrombocytopenia can, nevertheless, 
rapidly and economically controlled in this way unt] 
such time as a more normal thrombocyte count can‘ 
be restored by other means. I have had frequent 
recourse to cestriol succinate in cases with sympto. 
matic thrombocytopenia consequent on leukosis, 
panmyelopathy and overdosage of cytotoxic agents 
In addition, hemorrhages following overdosage with 
anticoagulants, as well as post-traumatic bleeding in 
patients on anticoagulant therapy, can be _ better 
controlled when cestriol succinate is administered than 
on vitamin K therapy alone. This effect must be 
attributed to the direct vascular action of the 
preparation. (Eéstriol succinate, in view of its high 
therapeutic efficiency and its very good tolerance}! 
has proved to have a wide field of application in this 
hospital, and one must hope that it will become 
generally available in the near future. 

HvuBErRT Potrwopa 
Medizinische Universitatsklinik, 
Géttingen. 


Effect of Enzyme Injections on Mitosis 

in Regenerating Liver 

THe addition of deoxyribonuclease to tissue- 
culture media affected mitosis in tissue cultures!*.| 
In mice bearing Ehrlich ascites tumours, injections of 
the enzyme decreased the incidence of mitoses in the 
tumour cells and increased the survival-time of the 
animals*?. Similarly, injections of xanthine oxidase 
and ribonuclease affected the rate of tumour growth 
and the survival time*-*. 

In view of these facts. it has been thought of 
interest to study the effect of deoxyribonuclease 
(DNase), ribonuclease (RNase) and xanthine oxi- 
dase on a rapidly dividing normal tissue such as 
regenerating liver following partial hepatectomy. 
(Deoxyribonuclease and ribonuclease were purchased 
from Worthington Biochemical Corporation, Freehold. 
New Jersey. The xanthine oxidase was a gift from 
Prof. F. Bergel, Chester Beatty Research Institute. 
London.) 

Wistar rats of average weight 218 gm. (194-242, 
gm.) were partially hepatectomized (66 per cent 
according to the method of Higgins and Anderson’ 
between 9.30 and 11.30 a.m. to eliminate the varia- 
tions due to the periodicity of mitotic activity’. 
The hepatectomized rats were injected intraper!- 
toneally with sodium chloride 0-85 per cent or solu- 
tions of albumin, DNase, RNase (5 mgm./ml.), oF 
xanthine oxidase in sodium chloride 0-85 per cent. y 
The original solution of xanthine oxidase prepared in | 
phosphate buffer containing sodium salicylate and | 
ethylenediamine tetraacetic acid as preservatives | 
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No. 478 
T ab le | 3 
Group No. of ¢ | Mitoses Prophases 
rats No. No. Per cent 
Controls * t 4-7 1-8 
+()-2 +0-1 
DNase (4 s) 4-3 1-0 
+1°4 +0°3 
DNase (/ 4 +0 1-0 
+Or4 +0°1 
Xanthine oxidase (4) 5 3-4 0-7 
+1+4 +0°3 
Xanthine oxidase (B 4 4-1 1-1 
+ 2°5 +0°5 
RNase (A 43 1-9 
+1-4 + 0-7 


* Cont 

Groups DN: ase, xanthine oxidase and R 

e hepatectomy. Groups DNase 
fter the hepatectomy. 

+ Statistically significant at a level better than 99-9 per cent. 


vas dialysed against two litres of sodium chloride 
(85 per cent during seventy-two hours in the cold. 
\fter dialvsis, the enzyme activity was determined by 
a standard method® and the activity corresponded 
:o the destruction of 1-27 umole of xanthine per min. 
ner mil. ot solution. 

Forty-eight hours after hepatectomy, the rats were 
killed by decapitation and the excised liver fixed 
n neutral 10 per cent formaldehyde. Histological 
sections were prepared by the usual method and 
stained with eosin and hematoxylin. 

The incidence of mitotic figures in liver parenchyma 
was determined by differential counts. A reticule 
delimiting a square field was placed in one of the 
oculars of a binocular microscope and this field was 
nlaced at random over the histological section. The 
nuclei present in the field were examined under 
mmersion and differential counts were made of 
resting cells, prophases, metaphases. anaphases and 
telophases. When all the nuclei present in a field had 
heen examined, the counts were carried out in similar 
fields taken at random until at least 6,000 nuclei were 
counted. The results were expressed as the number of 
jitotie figures per hundred cells. 

Table | shows the results obtained for the incidence 
of mitosis and mitotic phases in regenerating liver 
following the injection of control or enzyme solutions. 
The proportions of the mitotic phases are also 
included. From the results, it would seem that the 
mitotic activity was not much affected by enzyme 
injections. The largest variation was observed in the 
group xanthine oxidase (A) injected with a single 
immediately after hepatectomy and was of 
the order of 30 per cent. The incidence of prophases, 
on the other hand, was much affected in rats injected 
with DNase or xanthine oxidase. Decreases from 
1-8to 1-0, 1-0, 0-7, and 1-1 respectively were observed. 
The incidences of metaphases, anaphases and telo- 
phases, however, varied only slightly. The important 
decrease in the incidence of prophases became masked 
in the values obtained for the incidence of mitosis 
because it represents only a fraction of the mitotic 
activity. 

The decreases in the number of prophases were 
reflected by significant decreases in the proportions of 
prophases relative to the other phases of the mitotic 
cyele. Significant increases in the proportions of 
metaphases were consequently observed. The injec- 
ton of RNase did not affect the number of the 
various mitotic phases or their proportions. 

Table 2 shows the most important cytological 
abnormalities observed in the mitotic figures. The 
control rats showed a few pyenotic metaphases as well 
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ols were re injec ted intrape ritone ally with L ml. sodium c hloride 0°: 35 5 pe recent or albumin (6 mgm. mi.) ) immediately 
Nase (A) were injected intraperitoneally with 1 ml. 
and xanthine oxidase (B) were injected intraperitoneally with 1 ml. of enzyme (5 mgm./ml.) at 6 
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| 
Metaphases | 





: an Telophases 











No. Per cent | No Per cent | No. _Per cent 
2-0 O-4 0-5 10 8 
2 +01 +O-1 +06 
5 0-4 8 0-4 7-9 
8 +0-2 t 2° +0°2 +1:7 
2-3 0-3 . O-4 11-2 
“4 +0-1 +16 + 0-1 +21 
2-1 0-3 S7 | 0-3 10-5 
x A +01 #22 + 0-2 iF 
2-1 O-4 1 0-5 11-9 
‘0 +0°3 +26 +0°3 +20 
9 0-2 6-6 0-3 6-9 
7 +01 +3-0 +01 +12 





afte r the hepatectomy . 
ml.) immediately after 
and 24 hr. 


of enzyme (5 mgm. 


as a few metaphases with one or two lagging chromo- 
These abnormalities were very frequent in 
the animals treated with DNase. In these animals 
it was also frequently noticed that chromosomes were 
lagging to join the two sets at anaphase and chromo- 
soimal bridges were present. In the animals treated 
with xanthine oxidase, pycnotic metaphases as well as 
colchicine-like metaphases were frequently observed. 


somes. 


CYTOLOGICAL ABNORMALITIES 
Control 
rare, 
one or two chromo- 
somes lagging 


Table 2. 
DNase 
very frequent 
many chromosome 


agging 


Chromosomes lagging to 
reach the equatorial plate 
in metaphase 


i 


Pycnotic metaphase rare frequent, 
Chromosomes lagging to 
join the two sets in ana- nil frequent 
phase 
Bridges of chromosomes in 
anaphase nil present 
Control Xanthine oxidase 
Colchicine-like metaphase nil frequent 


From the results described it would seem that the 
duration of prophase has been shortened by the 
injection of DNase and xanthine oxidase as indicated 
by the significant lowering of the incidence of pro- 
phases. The metaphase and anaphase seemed also 
to be affected to a certain extent as shown by the 
abnormalities noted. 

We acknowledge the help of Dr. Roger Boothroyd, 


of McGill University, in the classification of the 
mitotic abnormalities. Dr. Roger Daoust has been 


most helpful by his advice on differential counts. The 
work has been supported by grants to Dr. A. Cantero, 
director of the Research Laboratories. from the 
National Cancer Institute of Canada. 


GASTON DE LAMIRANDE * 


Montreal Cancer Institute, 
Research Laboratories, 
Notre Dame Hospital and 
University of Montreal, 
Montreal. 


* Research Associate of the National Cancer Institute of Canada. 
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Myopathy affecting the Rottnest Quokka 
(Setonix brachyurus) reversed by 
a- Tocopherol 

THe quokka (Setonix brachyurus) is a small mar- 
supial about the size of a fox terrier which inhabits 
Rottnest, an island lying in the Perth Basin ten miles 
from the coast of Western Australia. In recent years 
the species has been extensively studied by the 
Department of Zoology of the University of Western 
Australia, as the potential offered by the animal for 
ecological research is unique. 

For several years in Perth and overseas, paralysis 
of the hind limbs has been observed in the quokka 
while in captivity. This disease has hitherto ended 
fatally despite various therapeutic measures includ- 
ing antibiotics and antihelminthics. It is characterized 
by weakness of the hind limbs which begins insidiously 
but progresses rapidly to complete paralysis. There 
is marked wasting of the muscles of the pelvic girdle 
and the disease invariably terminates in death in a 
few days to several weeks. At autopsy pallor and 
atrophy of the pelvic and femoral groups of muscles 
are found. On histological examination of affected 
muscles individual fibres are swollen, fragmented 
and show variability of cytoplasmic staining. Many 
fibres are without nuclei, and in others there is 
pyenosis. There are proliferations of sarcolemmal 
cells and infiltrations of variable cellularity of 
lymphocytes, plasma cells and polymorphs. Metazoan 
parasites are not found. 

Early in 1960 representative slides of the muscle 
lesion were sent to Dr. Raymond Adams, Bullard 
professor of neuropathology, Harvard Medical School, 
for his opinion. He replied that the cause of the 
paralysis and of the lesions observed might well be 
due to deficiency of vitamin E in the diet. Dr. ten 
Seldam, professor of pathology, University of Western 
Australia, came to the same conclusion when investi- 
gating other similar material for Dr. 8. Barker of the 
Zoology Department. Accordingly experiments were 
undertaken to test the effects of vitamin E adminis- 
tration to paralysed animals. 

Ten quokkas which developed paralysis while in 
captivity were selected for trial treatment. These 
animals were from several groups which were 
maintained on a standard diet of high protein (17-21 
per cent) ‘sheep cubes’ consisting of bran, pollard, 
oat meal, linseed meal, whale meal, molasses, urea 
and mineral salts. This diet was supplemented with 
bread and green vegetables including lucerne, lettuce, 
spinach and grasses growing in the vicinity. Nine of 
the treated animals were given the vitamin orally in 
doses ranging from 200 to 600 mgm. over several 
days. In all these animals there was rapid and 
complete clinical recovery in two to three weeks. 
Only one of the ten animals died. It was moribund 














Table 1 
| | ae 
Urine Creatine Creatinine 
Date | Quokka | (vol. 24 hr.) (24 hr.) (24 hr. ) 

anampiie = . agneneue noun —| 
7.10.60, | 6 27 ml. 24 mgm. 0-010 gm. | 
28 10.60 | 7 48 ml | 27 mgm. 0-008 gm. | 

2.11.60 s 92 ml 58 mgm. 0-011 gm. 
gre Pie oa | OWE SSCS | 
13.1.61 6 | 48 ml. 15-8 mgm. 0-03 gm. 

| 13.1.61 7 | 67 ml. 136-3mgm.| 0-057 gm. 
13.1.61 8 96 ml. }240mgm.| 0-079 gm. | 
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Fig. 1. Muscle biopsy of quokka 5. Original biopsy, Octobe 

17, "1960. Pronounced degenerative changes. (Haematoxylip 
and eosin x 78) , 

Fig. 2. Muscle biopsy of quokka 5. Second biopsy November 


21, 1960. Restoration to normal. (Hematoxylin and eosin x 78 
at the beginning of the experiment and failed t 
respond to the vitamin given by injection. 

Muscle biopsies were taken on the first or th: 
second day of treatment. In the nine animals whic! 
recovered this first biopsy showed histological change 
similar to those depicted in Fig. 1. In seven animal? 
subsequent biopsy was performed at a site close to the 
original. These biopsies were taken from 1-8 weeks 
after clinical recovery. Two of the second biopsied 
showed the muscle to have completely recovered. In 
four others there was still minimal evidence o 
degeneration (Fig. 2), and in one no improvement oi 
the lesion was observed notwithstanding the clinica, 
recovery. In general, the longer the period wad 
between biopsies the greater the observed improve 
ment was in the histological appearances.  24-hr 
samples of urine for creatine and creatinine estima 
tions were taken from three of the animals at the tim? 
of the original biopsy and again after full recovery 
The results, which support the clinical and _biops 
findings, are given in Table 1. 

Deprivation of vitamin E in the diet of the quokki 
is at present being tried in a small series of animal: 
and the early results suggest that the lesion can bt 
induced in this manner. No control animals have 
died naturally or have shown evidence of disease. 

Grateful acknowledgment is made to Prof. tet 
Seldam, who suggested this work, and for the advice 
and technical assistance given by Dr. I. Kaldor”, 
(Department of Physiology), and members of the 
Department of Zoology of the University of Weste 
Australia. Mr. H. Upenieks, medical illustrator 





pre’ 


estl 


nhe 


Uni 


F 
afte 
tral 
( of a 
abo 
liter 
sucl 
out 
sma 
con! 
M 
pa ir 
the 
dors 
fille 


OPS. 





'» October 
matoxplin 


~ 


vovember 
sin x 78 


failed t 


b or th 
ils whic 
| change: 
animal? 
se to the 
8 weeks 
biopsies 
ered. In 
lence of 
>ment 0! 
> clinical, 
‘iod wad 
mprove 
24-hr 
- estima- 
the time 
ecovery 
| biopss 


 quokka’ 
animals 
. can bi 
ils have 
ase. 
rof. ten 
> advice 
Kaldor, 
of the 
Weste 
istrator) 





No. 4786 


July 22, 1961 
prepared the photomicrographs. The biochemical 
estimations were performed through the kindness of 
Dr. D. Curnow (Royal Perth Hospital). The «-toco- 
pherol was kindly supplied by Roche Products, Ltd. 


B. A. KAKULAS 


Department of Pathology. 
University of Western Australia, 
Perth, Western Australia. 


Structure and Action of the Sucker 
of Echeneis 

Fic. 1 is a diagram of the sucker of Echeneis taken 
after staining it with alizarin red and rendering it 
transparent in glycerin. This reveals the presence 
of a chamber below the posterior shield of the sucker, 
about which no mention has so far been made in the 
literature. Hora', who at first doubted whether the 
sucker was a real sucker, later was convinced that the 
outer rim functioned as a sucker and that there were 
smaller paired suckers as well ; Sewell’s* observations 
confirmed this. 

My observations show : (1) That in addition to the 
paired chambers there is an unpaired chamber below 
the posterior shield which has no opening on the 
dorsal side. (2) While all the other paired chambers are 
filled with sea water when the fish is swimming about. 

















L.H. 
G. S.H. 
L. 
T.B. 
M.F. 
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Ch. P.S.B 








Fig. 1. The sucker of Echeneis as seen when stained in alizarin 
red and rendered transparent in glycerin. A.R., anterior ridge; 
Ch., channel; C.7’., comb-like teeth in three TOWS: E. aes enlarged 
tooth pointing backwards; G., glyph or spillway; lamella 
between ridges; L.H., large hook which fits into at plate 
iow; M.F., margin: al flap; O.P.S.B., opening in pear- -shaped 
body; P.C., posterior chamber; P.R., posterior ridge; P.S., 
posterior shield; P.S .B., pear-shaped body (valve); S.H., smali 
hoek which fits into basal plate below; 7.B., transverse bar 
or buttress 
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this chamber also contains some fluid but not sea 
water as there appears to be no connexion with the 
exterior. (3) At the posterior end of the chamber 
there is a pear-shaped hollow bony structure with 
one or more openings in it and there are two channels 
one on either side of it suggesting that by its move- 
ment forward and backward it can act as a valve 
regulating the flow of liquid in the chamber. (4) The 
entire base of the disk is paved with bone consisting 
of plates overlapping each other and with two pairs of 
holes in them. (5) The laminz carry transverse bars 
against which the bases of the teeth abut, forming 
effective buttresses. (6) A pair of large hooks from the 
buttress interlock with the holes in the basal plates. 
(7) The pear-shaped. hollow, bony structure becomes 
completely detached when teased in caustic potash. 

The attachment presumably takes place in the 
following stages: (1) the marginal flap is the first to 
adhere ; (2) the sea water is next sent out of the paired 
pouches from below the posterior ridge of each 
lamella ; (3) next the interlocking of the lamellx with 
the basal plates takes place ; (4) any remaining water 
escapes by the spillways resembling siphonoglyphs; 
(5) the posterior shield is the last to adhere when the 
body fluid in the median chamber is withdrawn. 

The release of the disk can be brought about by 
admitting sea water artificially : that is, by inserting 
sticks, strings or the blade of a penknife, but in Nature 
the processes mentioned above work in reverse. The 
posterior shield is the first to be released by the 
admission of body fluid into the chamber below it 
Sea water now enters the space between the shield 
and the surface of adhesion and is carried to the 
siphonoglyphs, through which it enters, bringing about 
the release of the hooks. Water now is able to enter 
into the paired chambers, producing the “hissing 


sound”? mentioned by Hora* and the “slight sucking 
noise’ of Sewell’. During the process the water is 


strained free of all solid particles which might be 
floating in the sea water by the comb-like teeth. As 
each chamber is partly overlapped by the next a set of 
chain reactions occur so that all the paired pouches 
are progressively filled with sea water and the entire 
disk released. 

Sewell mentions that when Echeneis is attached to 
any object all the movements of the fish except those 
of the mouth and gills seem to be suspended, and 
Norman‘, quoting it, says a detailed study of the 
nervous mechanism involved would be of interest. I 
venture to suggest that the movement of the body 
fluid in and out of the posterior chamber is obviously 
responsible for the setting of the nervous mechanism 
to work. 

A detailed description of the sucker is in prepara- 
tion, and it is expected to show that the sucker instead 
of being a partial vacuum is really a mechanism 
precisely built and as efficient as any that human 
ingenuity can invent, in which case the sucking power 
must be 15 Ib./sq. in. As some of the suckers cover an 
area of more than 8 sq. in., the fish, theoretically at 
least, must be able to suck with a power exceeding 
100 Ib. 

B. BONNELL 
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The Path of the Giant Cell Axons in 
Aplysia depilans 

‘THE presence of large nerve cells in the abdominal 
ganglion of Aplysia has provided a valuable prepara- 
tion for the study of the physiology of invertebrate 
neurones! The largest cell is usually referred to 
as the giant nerve cell'-*-°-§ and it may be 300-800u 
in diameter. It is excited synaptically by pathways 
entering most, if not all, of the nerves of this gang- 
lion, but its only efferent axon passes anteriorly along 


the right pleuro-visceral connective. As almost all 
the work on the abdominal ganglion has been done 
with it completely isolated from the rest of the 


nervous system, the further path of this axon and the 
possible functions of this very large cell have not been 
understood. Experiments, which included the inser- 
tion of micro-electrodes into this giant cell when the 
abdominal ganglion retained its functional connexions 
with the rest of the nervous system in a whole animal 
preparation, have provided evidence for the branch- 
ing of this axon and have excluded certain possibilities 
concerning the function of the giant cell. 

Fig. | summarizes diagrammatically the results of 
ral different types of experiment which have 
contirmed one another. The axon of the giant cell 
after passing to the right pleural ganglion divides 
into branches which enter each of the main nerves 
innervating the right parapodium and the right side of 
the foot. Another branch continues forwards in the 
cerebro-pleural connective and through the cerebral 
vanglia to the left pleural ganglion. Exactly where the 
branching occurs is not certain: but, from the evi- 
dence available. that shown in the diagram seems 
the most probable. Electrical stimulation of any of 
the nerves containing a branch of this axon produces 
an impulse in each of the other branches. In these 
conditions, an antidromic spike is recorded in the giant 
cell following the passage of an impulse down the 
right pleuro-visceral connective. However, trans- 
mission between the different branches of this 
neurone is not always readily achieved, and repetitive 
stimulation is sometimes necessary. On the other 
hand, transmission often fails at relatively low 
frequencies. When this happens, however, it is not 
invariably preceded by a gradual lengthening of the 
delay which might be expected if a synaptic process 
were involved. Furthermore, delay between the 
application of the stimulus to one branch of the 
neurone and its appearance at another point is the 
same, regardless of the direction of impulse conduc- 
tion. It may be assumed, therefore, that the failure of 
transmission in an antidromic direction is due to the 
low safety factor at the branching, especially as the 
more distant axonal branches are smaller than the 
main axon. A failure to conduct an impulse from 
the main axon to the branches in the orthodromic 
direction was never ovserved. Further confirmation 
was obtained by stimulating the giant cell itself by 
depolarizing the soma membrane and _ recording 
impulses with constant delays in the different nerves 
to which it sends a branch. In addition it is clear that. 
in spite of the axon crossing several ganglia, this cell 
is only excited synaptically in the abdominal 
ganglion. Different natural stimuli to an _ intact 
animal have never elicited a spike from a part of this 
neurone other than that contained in the abdominal 
ganglion. 

Another giant cell has been discovered on 
the left side of the animal. Work similar to that 
outlined above showed an almost identical pattern 
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Diagram of the path of the two giant cell axons in t 
left cell 
dashed lines. Arrows indicate the region where the giant neurones 
are excited synaptically. Rt. C- Pl., right cerebro-pleural connective 
Rt. conn., right ‘pleuro-visceral’ connective ; Ant., Mid., and 
Post P-p. n., anterior, middle and posterior parapodial nerves ; 
Ped. n., pedal nerve 


Fig. 1. 
nervous sytem of Aplysia depilans. Right cell, full lines ; 


The main difference is that in 
this case the cell body lies in the pleural ganglion and 
not in the abdominal ganglion. However, if the long 
axon in the right pleuro-visceral connective were 
shortened a symmetrical arrangement would result. 

The precise homologies of the ganglia associated 
with the visceral loop in Aplysia are incompletely 
understood. This is mainly due to the absence of 
developmental evidence, and present views are based 
largely upon considerations of the external mor- 
phology of the central nervous system. The discovery 
that the largest cell on the two sides has basically the 
same distribution suggests the tempting hypothesis 
that they are homologous and that the cell bodies 
reside in different ganglia as a result of the complex 
morphogenetic changes which occur during torsion. 
In an idealized gastropod the visceral loop has along 
its length two parietal ganglia and a single or double 
visceral ganglion. If, following torsion, the right 
parietal ganglion became fused with the visceral 
ganglion, whereas the left ganglion or some part of it 
had remained fused with the left pleural ganglion 
the difference in position of these two cells would be 
explained. Fusion of the right parietal ganglion 
(supra-intestinal) with the visceral ganglion 
generally accepted, but the fate of the left parietal 
ganglion has not been established?®. 

Little information has been obtained concerning 
the function of the left giant cell, because of the 
difficulty of recording from this cell in the intact 
preparation. Activity of the right giant cell has been 
recorded intracellularly in many preparations, and a 
study made of the conditions in which it becomes 
active. This occurs when mechanical stimulation is 
applied to any part of the body, with the head and gill 
region being the most sensitive. Excitation of the 
cell by either depolarizing currents passed through an 


of branching (Fig. 1). 
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movement of the animal. This disposes of the 
spossibility that this cell is directly involved in the 
fdorsal folding movements of the parapodia which 
oceur When the animal is prodded and seem to repre- 
sent a form of escape reaction. Nevertheless, during 
such movements of the parapodia which occur 
spontaneously in some preparations, the giant cell 
nearly always fires and it seems to be associated with 
this response although many other neurones in the 
} abdominal ganglion do the same. It is clear that the 
giant cell does not have a function similar to the 
giant efferent neurones of other animals. Recordings 
were made from single neurones of the right pleural 
and pedal ganglia during stimulation of the giant cell 
and the abdominal ganglion. No evidence has been 
obtained for the existence of synaptic connexions 
between the giant cell axon and the cells which were 
“sampled in several preparations. The possibility 
that this ceil has an effect on the intensity or threshold 
of this defence response or other activities in the 
animal difficult to investigate and remains a 
) possible function of this very large cell. 
' This work was carried out in the Marine Biological 
Institute of Arcachon, France. 
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Maxillary Index in Anopheles gambiae 
Giles 


FRESHWATER Anopheles gambiae may be distin- 
guished as two co-existing biological races'-*, on the 
basis of their maxillary indices, namely: (i) a 
paucidentate race, breeding in temporary pools of 
low organic content, which is anthropophilic and 
mainly exophilic, and (ii) a multidentate race, breeding 

; in permanent types of water of high organic content, 
which is zoophilic and endophilic. Others*-? hold 
the opposite view, that the maxillary index is not a 
precise enough character for demonstrating this 
distinction. The present observations are in agree- 
ment with the reported breeding preferences of 
paucidentate and multidentate populations, but they 
also support the conclusion in ref. 6 that the larval 

} environment has a powerful influence on the maxillary 
dentition. 


~ 


| Observations were made on three populations of 


' 


A. gambiae (I, If and III), in the neighbourhood of 
Kampala, in Uganda, East Africa. Population I 
bred in a large temporary pond, on the Kampala- 
Hoima Road ; II, in small, temporary, rain puddles, 
in an old road passing through Nakazi Swamp, on 
* the Kampala-Bombo Road ; and III, in permanent 
water, in the more exposed parts of Nakazi Swamp. 
Population I occurred some 10 miles from both II 
and III; while II and TII were only 10-50 yards 
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Table 1. MAXILLARY INDICES (M.I.) OF THE THREE POPULATIONS 


Mosquito population and frequency (per cent) 





Maxillary 


Index I II Itt 
9:5 2°5 
10-0 5-5 
10-5 12°5 
11-0 10-5 1:0 
11°5 27°5 3-0 
12-0 13-5 6-5 2-0 
12°5 17-0 13-0 1-5 
13-0 3-5 19-0 4-5 
13-5 6-0 24-0 11°5 
14-0 0-5 15-0 17-0 
145 1-0 13-5 25-0 
15-0 5-0 9-5 
15°5 11°5 
16-0 6-0 
16°5 8-5 
17-0 2-0 
17-5 1-0 

No. mosquitoes 

| dissected 200 200 200 

Mean MI. 11-64 13-38 14-66 


apart. The maxillary indices of the three populations 
are summarized in Table 1. 

Table 1 shows that population III had a higher 
maxillary index than either I or II ; thereby support- 
ing the conclusion reached by other workers!-* that 
multidentate populations tend to breed in permanent 
waters and the paucidentate in temporary waters. 
In this respect, the distinction between the maxillary 
dentition of II and III is particularly striking, in view 
of the close proximity of their breeding places. In 
such circumstances, genetic distinctiveness could not 
be maintained, unless there were sexual isolation 
between the two populations. 

The difference in the maxillary dentition between 
populations I and II is also particularly interesting. 
The breeding water of I was less temporary, and, 
presumably, had a higher organic content, than that 
of II. It would, therefore, be expected that popula- 
tion I should have a higher maxillary index than II. 
The results (Table 1) show the reverse. The explana- 
tion of this anomaly may be found in the spatial 
relations of the three populations. If, as it has been 
suggested!-’, we are dealing here with two co-existing 
biological races, the close proximity of the breeding 
places and, consequently, of the adult populations may 
have resulted in the production of a hybrid population 
(II) with an intermediate maxillary index. The 
distance between temporary and permanent breeding 
places may, therefore, affect significantly the differ- 
ence between the maxillary indices of the respective 
mosquito populations. 

That the maxillary index may be increased by 
increasing artificially the temperature of the breeding 
water is shown in Table 2. These results agree with 
those in ref. 6. However, the significance of these 
results, in relation to what happens in the field, is 
not obvious. The vast majority of A. gambiae 
breeding places are exposed, temporary, shallow 
pools, in which the water temperatures are often 
considerably much higher than in the less favourable, 
permanent-water habitats. Yet, the maxillary index 
is higher in the latter than in the former. It 
probable that this discrepancy is due to the fact that 
the artificially high laboratory temperatures are 
made continuous ; while those in the field occur for 
only a short period of the day and thus they fluctuate 
with the daily rhythm. In this respect, a study of 
the maxillary index of A. gambiae breeding in con- 
tinuously high temperatures, in tepid water from hot 
springs*, would be particularly worth while. 


is 
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Table 2. MAXILLARY INDEX (M.I.) OF PopULATION I BRED IN FIELD Rectal Glands in Woodlice finally 
WATER AT CONSTANT HIGH TEMPERATURE (32° C,) IN THE LABORATORY { rather 
THE structure and function of the rectal glands ¢ Ih ies 
Maxillary Index Frequency (per cent) insects have been investigated by several workers f rv d 
7 mune 


13-5 1-7 
14-0 2-1 
14-5 20°7 
15-0 15°5 
15°5 20-7 
16-0 2:1 
16-5 8-6 
17-0 §-3 
17°5 1-7 
18-0 0-0 
18°5 1-7 


No. mosquitoes dissected, 58; mean M.I., 15°31. 


Table 3 shows the results of laboratory experiments 
in which the organic content of field breeding-water 
was increased by adding fresh cow-dung to the water. 
It will be seen that the maxillary index of population 
I became higher. These results indicate that it is 
possible for an A. gambiae population which would 
otherwise have developed as paucidentate to change 
into a multidentate one, by the mere fortuitous 
dropping of dung by cattle into the breeding place. 
It has been postulated® that a higher maxillary index 
confers on the mosquito a greater ability to feed on 
cattle and other thick-skinned domestic animals. 
Consequently, it has been assumed that the prevalence 
of multidentate mosquitoes, in an area with a high 
cattle population, proves that natural selection has 
acted in favour of such mosquitoes. However, the 
present observations would seem to indicate that the 


co-existence of multidentate mosquitoes and high 
cattle populations, in an area, may simply be the 


result of a greater proportion of the breeding places 
being polluted with dung and other organic matter 
of animal origin; which, in turn, increases the 


maxillary dentition of the mosquitoes. 
Table 3. MAXILLARY INDEX (M.I.) OF POPULATION I BRED IN ‘Cow- 
DUNGED’ FIELD WATER IN THE LABORATORY 

(room temperature varied 22-25-5° C.) 

Maxillary Index Frequency (per cent) 


11°5 1:2 
12-( 49 
12°5 13-6 
13-0 17°3 
13°5 21-0 
14-0 16-0 
14°5 148 
15-0 74 
15°5 2°5 
16-0 1-2 


No. mosquitoes dissected, 81; mean M.I., 13-58 


This work was carried out under a scheme of 
research on tropical swamps supported by the 
Nuffield Foundation and undertaken by the Depart- 
ments of Botany and Zoology, at Makerere University 
College, Kampala, Uganda. 
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* Gillies, M. T., Trans. Roy. Soc. Trop. Med. Hyg., 
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Later, Wigglesworth? studied these glands mop Con 
thoroughly in a number of species. No report, how. ke 
ever, has yet appeared in the literature regarding the -_ 
presence of rectal glands in woodlice (Crustacea 
Isopoda), although Edney® stated : “the freeal pellet 
are moist, and there appears to be no mechanism 
comparable with the rectal glands of insects fg} 
reabsorption of water contained in the rectal con. 
tents’’. This observation. however, was not 
on any experimental or histological studies. 
The present report is concerned with two common 
species of woodlice in Great Britain, Oniscus asellus L, 
and Porcellio scaber Latr. Examination of the recta] 
contents of these animals shows that they are ina 
much more fluid state than the fecal pellets, which are * 
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Sections of the ‘rectal gland’ of (a) Porcellio scaber Latt. 
Cubical epithelial cell; Co, columnar 
Cu, cuticle. (= 60) 


Fig. 1. 
(b) Oniscus asellus L. C, 
epithelial cell; 
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and cylindrical pellets. 
The water content of these pellets has been deter- 
mined by Kuenen‘. 

Considerable difficulty has been experienced by 
workers in the histological study of woodlice’. In the 
present work a variety of fixatives has been used*, 
among Which the best results were obtained with 
‘arnoy’s fixative. After fixing, the tissue was passed 
through decreasing strengths of alcohol down to 
water. In order to provide support, the tissue was 
embedded in agar and dehydrated. After double 
embedding, microtome sections were prepared in the 
usual way and the sections stained by the phloxine 
tartrazine method of Lendrum’. 

In both Oniscus asellus and Porcellio scaber the 
lower part of the rectum is narrow, with a very thin 
cuticle covering cubical epithelium thrown into very 
small longitudinal folds (Fig. 1). In the posterior 
part of the rectum the cubical epithelial cells are 
/  |absent and just below the cuticle lie columnar 
; J opitholial cells, trachez, muscle fibres and connective 

tissue. This structure is exactly similar to that 
described by Wigglesworth? in insects as rectal glands. 
_| These glands completely encircle the posterior part of 

_the rectum. 

Experimental evidence has been brought forward 

| by Wigglesworth (ref. 2a) that rectal glands are 

concerned with absorption of water in insects. Water 

¢y; is the most important ecological factor in the habitat 

of woodlice, owing to the absence of cuticular wax 

layer. Desiccated woodlice are said to absorb water 

Co through the anus’, and this has been confirmed in the 

present work. Further work is needed to elaborate 

| the functions of the rectal glands in woodlice. Possibly 

these glands, too, are concerned with absorption of 

water from the rectal contents, although some is still 
lost in the frecal pellets‘. 

My thanks are due to Prof. J. L. Cloudsley- 

, Thompson for his supervision during the work. 
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} Mechanism of Differential Staining of 
Nucleic Acids 


Work in this Department, to be published else- 
where, has shown that several histological methods 
for the demonstration of mucin depend for their 
selectivity on the use of cations of large size. Thus 
alcian blue, with a molecular weight of about 1,341 

, (ef. 1), is almost specific for acid mucins, being 
apparently unable to enter other, more dense, baso- 
att. philie structures. The dialysed iron method? similarly 
mn depends on the use of large particles (colloidal ferric 
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hydroxide), while in Southgate’s mucicarmine the 
small carmine molecule is probably adsorbed on to 
colloidal aluminium hydroxide. 

Arising from this work, it was thought that size of 
cation might influence the selectivity of other com- 
monly used basic dyes. In the present work, fourteen 
basic aniline dyes have been investigated, ranging in 
molecular weight from 264 to 1,341 (Table 1). A 
variety of formalin- or Helly-fixed tissues has been 
used, including frog pancreas, liver, ovary, intestine. 
stomach and kidney, rat trachea, stomach, pancreas 
and intestine, and monkey pancreas. 


Table 1 


Percentage 


Dye and source Molecular | Cationic solubility 
weight weight Alcohol Water 

Alcian blue 8G.N150 ¢. 1,341 1,341 (?) 6-0 9-5 

(L.C.1.) 

Victoria blue 4R 

(National Aniline Co.) 520 485 20-0 3-0 
Janus green B 

(National Aniline Co.) 483 448 1:0 0 
Bismarck brown R 

(National Aniline Co.) 461 388 3.0 1-5 
Methyl green OO 

(Gribler) 458 387 3-0 8-0 
Hofmann violet 

(Merck) 422 387 75 6-0 
Crystal violet 

| (National Aniline Co.) 408 373 8-75 9-0 

Nile blue A 

(National Aniline Co.) 733 316 5-0 6-0 
Safranin 7 (Merck) | 351 316 3-5 45 

| Brillanteresylblau 

(Griibler) 318 282 2-0 3.0 
Toluidine blue } 

(Gribler) 306 271 1-75 3°25 
Pyronin (Griibler) 302 267 0-5 9-0 
Azur A 

(National Aniline Co.) | 292 257 ? ? 
Thionin (Gribler) 264 229 1-0 1-0 








(1) Molecular weights and solubilities in aleohol and water are 
from ref. 1. Cationic weights are calculated from data from the same 
source. 

(2) One molecule of nile blue A gives rise to two cations on ionization. 


In initial experiments 0-01 17 aqueous solutions 
of the dyes were used, the stained, air-dried sections 
being mounted directly in ‘D.P.X.’ (synthetic mount- 
ant, British Drug Houses). It was found that in 
these conditions sections were markedly overstained 
by certain dyes (notably victoria blue 4R, bismarck 
brown R and hofmann violet). It is noteworthy 
that most of the dyes concerned are more soluble in 
alcohol than in water (Table 1), and it is possible 
that this is a reflexion of some property common to 
this group of dyes, which is responsible for a loose, 
non-ionic bonding with tissue components. This is to 
some extent confirmed by the fact that thorough 
dehydration in ethyl alcohol (one minute each in 
90 per cent, 95 per cent and absolute alcohol) was 
sufficient to remove the excess dye. 

The results about to be described were obtained 
on sections stained for 15 min. in a 0-005 N solution 
of the dye in veronal-acetave buffer at pH 4-25. 
washed in tap water, dehydrated in alcohol and 
mounted in ‘D.P.X.’. 

Under these conditions alcian blue (weight of 
cation about 1,341) stained nuclei minimally, and did 
not stain nucleoli or cytoplasmic ribonucleic acid. 
Victoria blue 4R, janus green, bismarck brown R&, 
methyl green OO, hofmann violet and crystal violet 
(with cationic weights from 485 down to 373) stained 
nuclei more deeply than nucleoli or cytoplasmic 
ribonucleic acid, while safranin and nile blue (cationic 
weight 316) stained nuclei, nucleoli and cytoplasmic 
ribonucleic acid with approximately equal intensity. 
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Brilliant cresyl blue, toluidine blue, pyronin, azur A 
and thionin (eationie weights from 282 down to 229) 
stained nucleoli and cytoplasmic chromidial substance 
more intensely than they stained nuclei. 

From these results it appears that dye cations 
having a combined atomic weight of between about 
350 and 500 are able to penetrate into and become 
attached to nuclear deoxyribonucleic acid (DNA), but 
do not as readily stain the nucleoli and cytoplasmic 
granules of ribonucleic acid (RNA), which are presum- 
ably denser and better stained by smaller dye cations 
(of a combined atomic weight of less than about 280). 

Differential staining of DNA and RNA by mixtures 
of two basic dyes (as in the classical methyl green 
pyronin method) is now readily explicable. The 
proportions of the two dyes are chosen in such a 
way that the larger cation (methyl green} competes 
under favourable conditions for the DNA, while the 
smaller cation (pyronin) stains only RNA. If the 
principal factor in such differential staining is the 
weight of the dye cations, it should be possible to 
reproduce the ‘methyl green/pyronin effect’ (differ- 
ential staining of DNA and RNA) with other pairs 
of basic dyes, provided that the dyes chosen are 
of sufficiently different cationic weights. The dyes 
must also, of course, be of contrasting colours, be 
mixed in appropriate proportions and be used at the 
correct pH. 

To confirm this prediction, 1 per cent solutions of 
several basic dyes were prepared. Paraffin sections 
were stained for 15 min. in a mixture of a pair of 
such types (combined in various proportions), rinsed 
in tap water, dehydrated thoroughly in alcohol and 
mounted in ‘D.P.X.’. The following dye pairs stained 
DNA and RNA differentially under these conditions, 
when mixed in correct proportions: bismarck 
brown R/toluidine blue, bismarck brown R/azur A, 
victoria blue 4R/hofmann violet, victoria blue 4R 
safranin, victoria blue 4R/pyronin, janus green 
pyronin and janus green/safranin. In every case, the 
dye with the larger cation stained the nuclei, while 
the smaller cation stained nucleoli and cytoplasmic 
chromidial substance. A few nuclei, especially the 
small nuclei of frog red blood cells, stained with the 
smaller cation instead of the larger. This may be due 
to such nuclei lying wholly within the plane of the 
section; in such a case the nuclear membrane will 
be intact, and prevent access of the larger cation’. 

Dye pairs in which there was a large difference 
between the weights of the cations gave particularly 
good discrimination between DNA and RNA. 
Thus victoria blue 4R/pyronin or janus_ green/ 
pyronin (mixed in a proportion of one part by weight 
of the larger cation to four parts of the smaller) gave 
results which compared favourably with those 
obtainable with the classical methyl green/pyronin 
method. Where the difference between the cationic 
weights of the two dyes was not large (for example, 
victoria blue 4R/hofmann violet), or where incorrect 
proportions of the two dyes were used, good diff2ren- 
tial staining of nuclei and nucleoli was sometimes 
obtained, but cytoplasmic RNA stained with both 
dyes. This is taken to indicate that the density of 
cytoplasmic RNA granules is intermediate between 
that of DNA and that of the nucleolus. 

The use of basic dyes of varying cationic weights 
can also give some indication of the change in density 
of a structure under different conditions. Thus the 
staining of so-called ‘depolymerized’ DNA _ with 


pyronin instead of methyl green in the methyl green/ 
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pyronin method‘ probably indicates that the heat, ¢ he 
other treatment to which the DNA has been subd Al 
jected, has altered its structure in such a way as »f unus 
increase its density, and render access of the large) have 
cation more difficult. suck 

Dye-pairs in which there was relatively litth) \oro 
difference between the cationic weights (for exampk time 
crystal violet/pyronin or safranin/thionin) gave littk cond 
or no differential staining of DNA and RNj oceal 
irrespective of the proportions in which the dys} ;, pe 
were mixed. cast 

It appears from these results that the chemical gp 
explanations which have been advanced to explaip Lines 
the specificity of the methyl green/pyronin method ,hou 
are unnecessary, the chief factor being the weightsof ow 
the dye cations. The same factor explains the effet other 
of the dye mixtures, malachite green/acridine red, Bota 
methyl green/toluidine blue and celestine bhe) yort 
pyronin, which give the same empirical results a  jytd 
methyl green/pyronin‘; malachite green has a jaye 
cationic weight of 328, celestine blue 329 and acridine, jz m 
red 240. } form: 

It should not be concluded from the above that the yplik 
weight of the cation is the only relevant factor in| eco 
staining with basic dyes. Mordants, pH, solubilities pack 
in various media, etc., may also play an important) Th 
part in some procedures’. deca’ 

D. J. Gorpster for 
Department of Anatomy, ’ 
University of the Witwatersrand 
Medical School, De 
Hospital St., Johannesburg. 
1 Gurr, E., Encyclopedia of Microscopic Stains (Leonard Hill (Books } 
Ltd., London, 1960). Cc 
* Hale, C. W., Nature, 157, 802 (1946). . 
2 Lison, L., Quart. J. Micro. Sci., 96, 227 (1955). -_ 
* Kurnick, N. B., Int. Rev. Cytol., 4, 221 (1955). The | 
* Baker, J. R., Principles of Biological Microtechnique (Methuen ar 
Co., Ltd., London, 1958). 
} 
Dispersal of Tropical Seeds by Ocean Dr 
Currents categ 

Durinc the winter of 1956 and the following? Plant 
summer, farmers living near the Ninety Mile Beach emp! 
on the west coast of North Auckland (latitude| facto 
34-35° S.) noticed that numbers of unknown fruits solely 
and seeds, recognized as of tropical origin, were being the 
washed ashore. Specimens were forwarded to the the s 
Botany Division, Department of Scientific and In-| Plani 
dustrial Research, by Mr. H. G. Halliwell, instructor \ ¥®: 
in agriculture, Kaitaia, for identification. { agree 

The fruits and seeds were all of kinds known to be, ™ 
carried long distances by ocean currents'. They were:| CO 
fruit of Barringtonia asiatica, fruits of a cycad, seeds "to 
of Entada sp. (nicker bean), Guilandina crista (Molucea’ 
bean or grey nicker), Mucuna gigantea, seeds appa- Bi 
rently of two other species of Mucuna, and nuts of r 
Aleurites fordii (candlenut). There was also a red ° 
leguminous seed 17 mm. long and an unidentified) 
fruit, possibly from one of the Myristicaceae. Appa, ‘Wish 
rently nicker beans and candlenuts were the most | 
common. According to a newspaper report’, at times Sta 
many coconuts were being washed up. Candlenuts 
from Mangonui, on the east coast at about the same 
latitude, were also sent in by Dr. A. Couper, of the In 
Geological Survey. They were called in the north, that 
‘petrified walnuts’. Some of the material must havef walls 
been afloat for a considerable time, for the} is ab 
Barringtonia fruit, most of the cyead fruits, and many} distri 
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of the nicker beans had remains of a polyzoan on 


i" them. and were sometimes quite covered. 


Although the number and variety seem to be 
unusual, this is not the first time that tropical seeds 
have drifted to New Zealand. It was known in 
Auckland thirty or so years ago that nicker beans 
were cast up on the coasts of North Auckland from 
time to time. The newspaper report refers to present 
conditions as “‘a reversion to an earlier pattern of 
ocean currents’ and says “‘in greater profusion than 
in past years all sorts of tropical flotsam are being 
cast up. 

Seven out of twenty-two seeds of Entada sown at 
Lincoln, Christchurch, in November 1956, germinated 
about 21 months later. Two of the plants are now 
growing in the glasshouses, one a vine 4 ft. long, the 
other 8 ft. Another plant in the tropical house, 
Botanic Gardens, Christchurch, is 12 ft. long. In 
North Auckland plants have been grown successfully 
outdoors by local farmers, and one plant is reported to 
have grown to a great height. As Entada sp. in Fiji 
is most characteristically found in the mangrove 
formation and also grows in the forest’, it seems 
unlikely that it will become established of its own 
accord on the Ninety Mile Beach, an exposed shore 
backed by sand-dune country. 

The candlenuts were either empty or the seed had 
decayed into a soft oily mass, as reported previously 
for seeds of this species carried by ocean currents. 

R. Mason 
Botany Division, 
Department of Scientific and 
Industrial Research, 
Private Bag, 

Christchurch, New Zealand. 
1Ridley, H. N., The Dispersal of Plants throughout the World (L. 

Reeve and Co., 1930). 

*The Christchurch Star-Sun, 12 (April 2, 1957). 


Classification of the Tea Plant 


Dr. W. Wicut, referring to Watt and Mann's 
eategories of leaf-form within the Assam variety of tea 
plant!, goes on to say: ““Number of leaf veins was 
emphasized; but this has not proved to be a satis- 
factory criterion’. I may say at once that Watt was 
solely responsible for the leaf vein idea for separating 
the varieties of tea. When I wrote, with him, 
the second edition of the Pests and Blights of the Tea 
Plant I had to include the leaf vein idea, but I never 
was, myself, able to make anything out of it. I never 
agreed with Watt on this subject, and it was included 
in our book in deference to him. Thus, so far as I am 
concerned, the number of leaf veins was an unsatis- 
factory criterion fifty-seven years ago. 


H. H. Mann 
Bivia, Woodside, 
Aspley Guise, 
Bletchley. 
*Wight, W., Nature, 183, 1726 (1959). 


Staining Reaction of the Pit Membrane of 
Wood Cells 

Ix a recent paper Harada and Wardrop! report 

that the lignin content of the ray parenchyma cell 

walls of Cryptomeria japonica (Linnzus fil.) Don. 

is about 43-5 per cent and also that the lignin is 

distributed nearly uniformly through the cell walls. 
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In view of the bearing on their observations and also 
the possible relation to the movement of materials 
through wood, the results of the reaction of the pit 
membrane when wood treated with 
differential stains are recorded. 

Radial longitudinal sections of approximately 10u 
were stained with safranin and fast green according 
to the following schedule: (1) Sections warmed with 
aqueous safranin for 3-5 min.; (2) washed with 
several changes of water and then dehydrated in the 
normal way with ethyl alcohol; (3) stained with fast 
green in clove oil for approximately 15 sec. (this time 
can be increased with dilute fast green); (4) washed 
with clove oil, cleared with xylene and mounted in 
canada balsam. Washing was continued until the 
wash liquid was colourless. 

In the following species the pit membranes of the 
ray parenchyma to tracheid pits were stained green in 
contrast to the red stained unpitted wall : 

Pinus radiata D. Don, P. khaysa Royle, Pseudotsuga 
menziesii (Mirb.) Franco, C. japonica, Callitris hugelii 
(Carr) Franco, Abies lasiocar pa (Hooker) Nuttall. The 
pit membranes of the ray tracheid to tracheid pits 
were not differentiated to the same degree as the ray 
parenchyma pit membrane. Both in P. radiata and 
C. hugelii the torus of the bordered pits of the 
tracheids was stained green. 

With the following species the membranes of the 
ray parenchyma to vessel pits and the parenchyma 
pits generally were differentiated green in contrast 
to the unpitted cell wall, which was stained red: 

Sloanea woollsit F. Muell., Elaeocarpus grandis 
F. Muell., Cryptocarya glaucescens R. Br., Flindersia 
schottiana F. Muell., Toona australis Harms, Sterculia 
acerifolia A. Cunn., Eucalyptus viminalis Labill.. 
E. pilularis Sm., £. microcorys F. Muell. Due to their 
small size the pit membranes of the fibres were hard 
to detect, but in a number of the above species a 
distinct green coloration was obtained. Of the species 
examined, only Nothofagus mooret J. H. Maiden 
failed to show differentiation of the pit membrane of 
the ray-vessel pits. The pit membrane in this species 
appeared to be masked by abundant polyphenolic 
materials. 

Where possible, sapwood rather than heartwood 
was used for these observations as it was found that the 
polyphenolic materials deposited during the transition 
from sapwood to heartwood obscured the pit mem- 
brane, showing instead a red stain with the safranin. 

According to Johansen’, safranin and fast green 
adequately differentiate lignified and non-lignified 
tissue, so that this differentiation indicates that the 
pit membranes in a number of cells are not lignified. 
This observation is interesting, as it is those layers 
which make up the pit membrane, namely, the 
primary wall and middle lamella, which have the 
highest concentration of lignin in the unpitted cell 
wall’. The pit membrane, therefore, retains the 
unlignified condition of the newly differentiated cell 
wall and explains how the remarkabie expansion of 
the pit membrane which occurs during tyloses is 
possible. The tylosed pit membrane in Angophoru 
costata Domin. and EF. microcorys on the basis of the 
above staining reaction did not appear to be lignified. 

While Liese* and Harada et al.* describe encrusting 
material present in the pit membrane, it would appear 
that this material is not lignin. The absence of lignin 
in the pit membrane has been indicated by means of 
other techniques by A. B. Wardrop (private com- 
munication). The fact that lignin is confined to 
those parts of the wall where a secondary wall is 


sections are 
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formed implies very selective deposition, as men- 
tioned by Wardrop and Bland’. The foregoing stain- 
ing reaction serves also as an excellent technique for 
clearly defining the size and shape of the pit mem- 
brane and it has been suggested that this technique 
should have general application in anatomical work. 
R. K. BAMBER 
Division of Wood Technology, 
Forestry Commission of New South Wales, 
Sydney. 
Harada, H., and Wardrop, A. B., J. Jap. Wood Res. Soc., 6, 34 
(1960) 
? Johansen, D. A., Plant Microtechnique (McGraw-Hill, New York, 1940). 
*Wardrop, A. B., and Bland, D. E., Fourth International Congress of 
Biochemistry, Vol. 2, 92 (Pergamon Press, London, 1959). 
‘ Liese, W., Holz als Roh- und Werkstoff, 15, 449 (1957). 
liarada, H., Miyazaki, Y., and Wakashima, T., Bull. Gov. For. Exp. 
Sta., 104, 115 (1958). 





A Sealing Compound for use in 
Biological Work 

LN the course of rhizosphere studies, it was desired 
to measure continuously the respiration of intact 
sterile roots during the growth and development of a 
variety of plants. To separate the photosynthetic 
and respiratory activities of the portions above 
ground from the respiration of the roots, a material 
prevent diffusion of gases from one 
zone to the other. The material had to fulfil several 
requirements in order to be effective : (1) be imperm- 
eable to gases and water ; (2) be non-toxic to plants ; 
(3) cause no physical damage to plants; (4) be 
sufficiently pliable to permit normal enlargement of 
stems ; (5) withstand a continuous positive pressure 
of 0-5-1-0 Ib./in.*; (6) resist microbial and environ- 
mental deterioration; (7) be autoclavable; (8) be 
easily handled and applied; (9) be relatively inexpen- 


was required tt 


sive. 

Although a variety of substances was tested. only 
one compound has been found which fulfilled all these 
requirements. This material is a silicone 
fluid which solidifies at room temperatures on the 
addition of a catalyst. (Material is marketed by the 
Dow Corning Corporation, Midland, Michigan. under 
the trade name of ‘Silastic RT'V’ (room temperature 
vuleanizing silicone rubber), and by the General 
Electric Co.. Silicone Products Department, Water- 
ford, New York, under the name of ‘Silicone Rubber 
RTV’.) The time for complete vulcanization can be 
controlled by the type and amount of catalyst used ; 
working time can be adjusted from 10 min. to several 
days. The plasticity can be increased by the addition 
of a silicone thinner (Dow Corning ‘200 Fluid’, 20 
centistokes). The base, catalyst, and thinner may be 
autoclaved separately and mixed aseptically just 
prior to pouring around the stem. 

The rubber-like solid forms an impermeable seal 
with glass, metal, certain plastics, sand, and with 
plant roots and stems. Although a continuous 
positive pressure of only 0-5-1-0 Ib./in.? is regularly 
used in our work, the material is capable of with- 
standing considerably higher pressures, both positive 
and negative. A layer 10 mm. thick and 38 mm. in 
diameter withstood a continuous positive pressure of 
7 Ib./in.? and a continuous negative pressure of 
500 mm. mercury; a layer 10 mm. thick and 70 mm. 
in diameter withstood a pressure of 2 Ib./in.2. At 
higher pressures, the sealer itself does not leak, but the 


viscous 
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interface bond between the sealer and either the y 
of the glass tube or the plant stem is ruptured. 
Although a gas-tight seal is formed around ; 
stem of plants, the seal is sufficiently pliable , 
permit normal development of the stem as well ags- 
the entire plant. The consistency of the vulcaniy 
product does not change during autoclaving » 
during prolonged use, and may be employed » 
temperatures ranging from —70 to 500° F. Ot» 
physical and chemical properties are described by %& 
manufacturers. ‘ 

In our work, surface sterilized seeds are plans, 
in short glass growth tubes (38 mm. internal diame» 
contained in specially designed culture units, wh 
will be described fully elsewhere. The roots gp 
into a sterile respiration chamber, and the Upper 
portions of the plant are allowed to develop in i 
To separate the two zones, the sealer is poured 
around the plant stem inside the growth tubes a 
allowed to solidify before a continuous air-stream js 
passed through the root respiration chamber. Both 
monocotyledonous and dicotyledonous plants hay 
been successfully cultured in the presence of this 
material : legumes and corn have produced fruit 
cotton, crucifers, cucurbits, and seeded bananas ar 
at present growing vigorously. 

Other compounds tested as sealers were not suitabk 
for several reasons. Various combinations of paraffin, 
petrolatum and lanolin, as well as some carboxyviny| 
polymers, were extruded from the growth tubes when 
pressure was applied ; this difficulty was accentuated 
when the temperature of the environment was high 
Several materials, for example, latex, poly/sobutyl- 
enes, urethane polymers, polyacrylic and_polyviny! 
resins, were toxic; set too rapidly for easy 
handling ; some, for example, urethane polymers and 
some microcrystalline waxes, cured to a consistency 
that constricted the stem and prevented normal 
development ; some, for example, various paraffin- 
petrolatum mixtures, butyl-latex emulsions. distilled 
acetylated monoglycerides, carboxyvinyl polymer, 
shrank on curing and failed to form a gas-tight 
interface with either the glass tube or the plant stem; 
some did not withstand autoclaving; and _ others. 
such as the polyethylene glycols, being water-soluble, 
were dissolved by condensation, transpiration and 
guttation water. 

In addition to being used in sterile root cultures, 
the silicone material is also being employed in these 
Laboratories to seal surface-sterilized intact roots in 
tubes containing root-infecting organisms (Halmos. 
S., and Beckman, C. H., unpublished results) ; to 
make gas-tight gaskets for attaching respiration and 
transpiration chambers to leaves' ; to make impres- 
sions of leaf surfaces for microscopic examination 
(Brun, W. A., unpublished results ; and Zelitch, I. 
unpublished results) ; and to make closures for odd- 
shaped and hard-to-reach openings which pre-manu- 
factured rubber stoppers do not fit. Additional 
applications are described by the manufacturers. 

The non-toxicity of this compound to plants, as 
well as its other properties, should make it useful ina 
variety of biological studies. 


VOL. 19) 
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G. SroTzKy 
W. CULBRETH 
L. B. Misx 
Central Research Laboratories, 
United Fruit Co., 
Norwood, Massachusetts. 


1 Brun, W. A., Plant Physiol. (in the press). 
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Activation of Amino-Acids in Micro-Organisms 
which produce Antibiotics 


Ir seems well established that the first steps in the 
biosynthesis of proteins are the activation of amino- 
acids in the presence of adenosine triphosphate (ATP) 
and the transfer of the activated amino-acids to a 
soluble fraction of ribonucleic acid (RNA)'. Such 
reactions are also involved in the biosynthesis of some 
peptides, for example, the condensation of glutamyl- 
evsteine with glycine to give glutathione®. Enzymes 
activating almost all the naturally occurring L-amino- 
acids have been isolated from animal, plant, and 
microbial sources. Only one enzyme active on a 
p-amino acid, p-alanine, has been demonstrated in 
cells of Lactobacillus arabinosus and other Lacto- 
bacillaceae*. 

If the mechanisms for protein synthesis are involved 
also in the synthesis of peptides, it should be possible 
to demonstrate activation and transfer of amino-acids 
present in peptides but absent from proteins, such 
as many of the p-amino-acids. To test this hypothesis 
the following micro-organisms were selected, since 
they produce antibiotics containing one or more of 
the amino-acids that do not occur in_ proteins: 
Penicillium chrysogenum P-4 (Lepetit S.p.A.), pro- 
ducing penicillin that contains D-valine ; Streptomyces 
antibioticus 23 (Lepetit S.p.A.) and Streptomyces parvus 
V.R.R.L. B-1455 (both producing antibiotics of the 
actinomycin group in which p-valine, sarcosine, 
p-alloisoleucine and N-methyl-L-valine are present) ; 
Bacillus polymyxa A.T.C.C. 10401 and B. polymyxa 
2459 (Ch. Pfizer and Co.) producing. respectively, 
polymyxin-D and polymyxin-B, containing D-phenyl- 
alanine, D-leucine, D-serine, D- and L-x,y-diamino- 
butyric acid; Bacillus A.T.C.C. 14040, 
producing circulin containing p-leucine and L-«,.y- 
diaminobutyric acid. The micro-organisms were 
grown on complex media capable of supporting 
antibiotic synthesis and were collected when the 
production of the antibiotic reached its maximum (2 
days for the bacteria, 3 for P. chrysogenum, and 6 to 8 
for the Streptomycetes). Cell-free extracts were 
prepared by suspending the centrifuged cells in one 
volume of 0-066 M phosphate buffer and 0-002 M 
reduced glutathione (pH 6-9) and disrupting them 
with glass beads in a refrigerated mechanical disinte- 
erator. Following centrifugation at 20.000g for 20 
min., the presence of amino-acid-activating enzymes 
was assayed on the supernatants by measuring the 
exchange between ATP and radioactive pyrophos- 
phate‘. 

The results (Table 1) indicate that, while a fair 
number of the L-amino-acids is activated, no activa- 
tion of the p-amino-acids is detectable even if the 
micro-organism is capable of synthesizing compounds 
containing amino-acids with such an optical configura- 
tion. In addition, sarcosine, which has no optical 
activity, is not activated by the tested Strepto- 
mycetes. L-x,y-diaminobutyrie acid, which has not 
been found in proteins, is activated by strain 2459 of 
B. polymyxa ; this is the first time that this amino- 
acid is reported to be activated. 

The possibility that the enzymes activating the 
D-amino-acids and sarecosine through an ATP- 
pyrophosphate exchange are destroyed during the 
process of extraction or are present in too small 
amounts for detection cannot be ruled out, but seems 
unlikely. It appears more probable that the pathway 
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Table 1. ACTIVATION OF AMINO-ACIDS 
Micromoles of pyrophosphate-phosphorus-32 exchanged per 15 min. per 
mgm. of protein 


B. B. B, Str. Str. P. 
poly- | poly- | circu- anti- | parvus | chryso- 
myra myra lans bioticus genum 
10401 2459 

L- Alanine 0 0 0-077 0 0 0-012 
L- Arginine 0-013 O 0 0-115 0-044 0 
L- Aspartic 
acid 0-080 (0 0 0 0 0 
L-Cysteine 0-243 - 0-107 0-059 0 
L-a,y- Diara- 
inobutyric 
acid 0 0-641 O - a 
L-Glutamic 
acid 0 0 0 0-062 0 0 
Glycine 0 0 0 0-133 0-075 0 
U-Histidine 0 0-182 «20 0-986 0 0 
| L-isoLeucine 2-001 | 0-695 0-490 1-129 0-162 0-116 
L- Leucine 2-073 | 1:690 | 3-623 0-498 | 0-044 0-124 
L-Lysine 0-094 0-140 O 0-098 0 0-020 
L-Methionine | 0-278 | 0-416 0-487 0-444 0 0 
L-Phenyl- 
| alanine 0-064 0 0 0 0 0-016 
| L-Proline 0-144 O 0 0-204 0 0 
| L-Serine 0 0-055 O 0-302 0 0-039 
L-Threonine 0-210 | 0-050) 0-035 0-088 0-044 0 
L-Trypto- 
| phan 0-083 | 0 - 0-133 0 0 
L-Valine 0-106 | 1-790 0-986 0-489 0-235 0-076 
Sarcosine _ _ _ 0 0 —_— 
p-Alanine 0 0-162 ~O 0 0 0 
D-isoLeucine 0 0 - 
p- Leucine 0 0 0 0 0 0 
b- Phenyl- 
alanine 0 0 0 0 
D-Serine 0 0 0 
p-Tiireonine 0 0 0 . " - 
pD-Valine - -- — 0 0 0 
None 
(control) 0-133) O280 , 0°355 0-507 0-073 0-100 


buffer (pH 7-9); 5 uM 


The assay system contained 20 wM of fris 
of ATP (pH 6-5); 2-5 uM of MgCl,; 3-2 «M of sodium pyrophosphate- 
phosphorus-? 


2 (corresponding to approximately 340,000 counts per 
min. on a *‘Tracerlab’ mica window counter); 


10 «M of amino-acid; 
cell-free extracts ranging from 0-068 to 0-49 mgm. of protein; glass 
distilled water, 0-5 ml. 

The values obtained in the controls containing no amino-acids 
were subtracted from all the experiments. The activation was con- 
sidered present when the experimental data were at least 10 per cent 
higher than the controls. 





of biosynthesis of these peptides does not involve the 
activation of the D-amino-acids. Such a hypothesis is 
in agreement with the recent findings that exclude a 
process of amino-acid activation in the biosynthesis 
of some petides containing D-alanine and other 
L-amino-acids by Staphylococcus aureus®. Work under 
way in this laboratory® has shown that while 
p-leucine-“C is incorporated in the polymyxin-D 
synthesized by B. polymyxa, the amino-acid is not 
activated by an ATP-pyrophosphate exchange nor 
transferred to soluble RNA. 

We wish to acknowledge the kind release of cultures 
from Lepetit S.p.A., Milan, and Charles Pfizer and 
Co., Brooklyn, N.Y. This work has been supported 
by a grant of the International Institute for Scientific 
Research. 

QO. CIFERRI 
M. Dr GrroLamo 
A. BENDICENTI Dit GrROLAMO 


Istituto di Genetica, 
Universita di Pavia, 


Pavia. 
1 Lipmann, F., et al., J. Cell. Comp. Physiol., 54, Supp. 1, 75 (1959). 
Hoagland, M. B., Fourth Int. Congr. Biochem., Symp. 8, 199 


Novelli, G. D., Ann. Rev. Microbiol., 14, 65 (1960). 

J. Biol. Chem., 235, PC 22 (1960) 
Biochem. J., 75, 579 (1960). . 
D., Biochim. Biophys. Acta, 22, 49 


(1960). 
? Bates, H. M., and Lipmann, F., 
* Baddiley, J., and Nehaus, F. C., 
* DeMoss, J. A., and Novelli, G. 
(1956). 
‘Ito, E., and Strominger, J. L., J. 
* Di Girolamo, M., Ciferri, O., 
(unpublished results). 


Biol. Chem., 285, PC 5, PC 7 (1960). 
and Bendicenti Di Girolamo, A. 








410 N A T U R E July 22, 1961 VOL. 191 n 


formed implies very selective deposition, as men- 
tioned by Wardrop and Bland’. The foregoing stain- 
ing reaction serves also as an excellent technique for 
clearly defining the size and shape of the pit mem- 
brane and it has been suggested that this technique 
should have general application in anatomical work. 
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A Sealing Compound for use in 
Biological Work 

LN the course of rhizosphere studies, it was desired 
to measure continuously the respiration of intact 
sterile roots during the growth and development of a 
variety of plants. To separate the photosynthetic 
and respiratory activities of the portions above 
ground from the respiration of the roots, a material 
was required to prevent diffusion of gases from one 
zone to the other. The material had to fulfil several 
requirements in order to be effective : (1) be imperm- 
eable to gases and water ; (2) be non-toxic to plants ; 
(3) cause no physical damage to plants; (4) be 
sufficiently pliable to permit normal enlargement of 
stems; (5) withstand a continuous positive pressure 
of 0-5—1-0 Ib./in.*; (6) resist microbial and environ- 
mental deterioration: (7) be autoclavable: (8) be 
easily handled and applied; (9) be relatively inexpen- 
sive. 

Although a variety of substances was tested. only 
one compound has been found which fulfilled all these 
requirements. This material is a viscous silicone 
fluid which solidifies at room temperatures on the 
addition of a catalyst. (Material is marketed by the 
Dow Corning Corporation, Midland, Michigan. under 
the trade name of ‘Silastic RT'V’ (room temperature 
vuleanizing silicone rubber), and by the General 
Electric Co.. Silicone Products Department, Water- 
ford. New York, under the name of ‘Silicone Rubber 
RTV’.) The time for complete vulcanization can be 
controlled by the type and amount of catalyst used ; 
working time can be adjusted from 10 min. to several 
days. The plasticity can be increased by the addition 
of a silicone thinner (Dow Corning ‘200 Fluid’, 20 
centistokes). The base, catalyst, and thinner may be 
autoclaved separately and mixed aseptically just 
prior to pouring around the stem. 

The rubber-like solid forms an impermeable seal 
with glass, metal, certain plastics, sand, and with 
plant roots and stems. Although a continuous 
positive pressure of only 0-5-1-0 Ib./in.* is regularly 
used in our work, the material is capable of with- 
standing considerably higher pressures, both positive 
and negative. A layer 10 mm. thick and 38 mm. in 
diameter withstood a continuous positive pressure of 
7 lb./in.? and a continuous negative pressure of 
500 mm. mercury; a layer 10 mm. thick and 70 mm. 
in diameter withstood a pressure of 2 Ib./in.2. At 
higher pressures, the sealer itself does not leak, but the 


interface bond between the sealer and either the wal] 
of the glass tube or the plant stem is ruptured. 
Although a gas-tight seal is formed around th 
stem of plants, the seal is sufficiently pliable to} 
permit normal development of the stem as well as of 
the entire plant. The consistency of the vulcanized I: 
product does not change during autoclaving por bi0 
during prolonged use, and may be employed at acid 
temperatures ranging from 70 to 500° F. Other and 
physical and chemical properties are described by the solu 
manufacturers. ‘ reac 
In our work, surface sterilized seeds are planted) pep’ 
in short glass growth tubes (38 mm. internal diameter) cvst 
contained in specially designed culture units, whieh acti 
will be described fully elsewhere. The roots grow acid 
into a sterile respiration chamber, and the upper mc! 
portions of the plant are allowed to develop in air, D-a 
To separate the two zones, the sealer is poured cells 
around the plant stem inside the growth tubes and, baci 
allowed to solidify before a continuous air-stream js! If 
passed through the root respiration chamber. Both, also 
monocotyledonous and dicotyledonous plants haye to d 
been successfully cultured in the presence of this pres 
material : legumes and corn have produced fruit; a1 
cotton, crucifers, cucurbits, and seeded bananas are the 
at present growing vigorously. they 
Other compounds tested as sealers were not suitable the 
for several reasons. Various combinations of paraffin, Pen 
petrolatum and lanolin, as well as some carboxyviny] duei 
polymers, were extruded from the growth tubes when antil 
pressure was applied ; this difficulty was accentuated N.R 
when the temperature of the environment was high, 2til 
Several materials, for example, latex, poly/sobutyl- p-all 
enes, urethane polymers, polyacrylic and polyviny] Bac 
resins, were toxic; some set too rapidly for easy 2459 
handling ; some, for example, urethane polymers and! poly 
some microcrystalline waxes, cured to a consistency alan 
that constricted the stem and prevented normal buty 
development ; some, for example, various paraffin- prod 
petrolatum mixtures, butyl-latex emulsions, distilled dian 
acetylated monoglycerides, carboxyvinyl polymers, gT0¥ 
shrank on curing and failed to form a gas-tight anti 
interface with either the glass tube or the plant stem ; prod 
some did not withstand autoclaving: and others. days 
such as the polyethylene glycols, being water-soluble, for 
were dissolved by condensation, transpiration and Prep 
guttation water. volu 
In addition to being used in sterile root cultures, redu 
the silicone material is also being employed in these With 
Laboratories to seal surface-sterilized intact roots in grat 
tubes containing root-infecting organisms (Halmos, ™in. 
S., and Beckman, C. H., unpublished results); to W@s 
make gas-tight gaskets for attaching respiration and exch 
transpiration chambers to leaves' ; to make impres- phat 
sions of leaf surfaces for microscopic examination Th 
(Brun, W. A.. unpublished results ; and Zelitch, I, ™m™ 


Act 


unpublished results) ; and to make closures for odd- "0M 
shaped and hard-to-reach openings which pre-manu- ™ch 
factured rubber stoppers do not fit. Additional Cont 
applications are described by the manufacturers. "0. 
The non-toxicity of this compound to plants, as @¢ty 
well as its other properties, should make it useful ina ™yet 
variety of biological studies. a 
G. STorTzKy we 


W. CULBRETH 
L. B. Mitsu Th 


D-am 

Central Research Laboratories, pyro) 
United Fruit Co., proce 
Norwood, Massachusetts. amou 
unlik 


? Brun, W. A., Plant Physiol. (in the press). 
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Activation of Amino-Acids in Micro-Organisms 
which produce Antibiotics 

Ir seems well established that the first steps in the 
biosynthesis of proteins are the activation of amino- 
acids in the presence of adenosine triphosphate (ATP) 
and the transfer of the activated amino-acids to a 
soluble fraction of ribonucleic acid (RNA)'. Such 
reactions are also involved in the biosynthesis of some 
peptides, for example, the condensation of glutamyl- 
evsteine with glycine to give glutathione®. Enzymes 
activating almost all the naturally occurring L-amino- 
acids have been isolated from animal, plant, and 
microbial sources. Only one enzyme active on a 
p-amino acid, p-alanine, has been demonstrated in 
cells of Lactobacillus arabinosus and other Lacto- 
bacillaceae®. 

If the mechanisms for protein synthesis are involved 
also in the synthesis of peptides, it should be possible 
to demonstrate activation and transfer of amino-acids 
present in peptides but absent from proteins, such 
as many of the p-amino-acids. To test this hypothesis 
the following micro-organisms were selected, since 
they produce antibiotics containing one or more of 
the amino-acids that do not occur in_ proteins: 
Penicillium chrysogenum P-4 (Lepetit S.p.A.), pro- 
ducing penicillin that contains D-valine ; Streptomyces 
antibioticns 23 (Lepetit S.p.A.) and Streptomyces parvus 
V.R.R.L. B-1455 (both producing antibiotics of the 
actinomycin group in which pD-valine, sarcosine, 
p-allo‘soleucine and N-methyl-t-valine are present) ; 
Bacillus polymyxa A.T.C.C. 10401 and B. polymyxa 
2459 (Ch. Pfizer and Co.) producing. respectively, 
polymyxin-D and polymyxin-B, containing p-phenyl- 
alanine, D-leucine, pD-serine, D- and L-x,y-diamino- 
butyric acid; Bacillus A.T.C.C. 14040, 
producing circulin containing pD-leucine and L-«,y- 
diaminobutyrie acid. The micro-organisms were 
grown on complex media capable of supporting 
antibiotic synthesis and were collected when the 
production of the antibiotic reached its maximum (2 
days for the bacteria, 3 for P. chrysogenum, and 6 to 8 
for the Streptomycetes). Cell-free extracts were 
prepared by suspending the centrifuged cells in one 
volume of 0-066 M phosphate buffer and 0-002 M 
reduced glutathione (pH 6-9) and disrupting them 
with glass beads in a refrigerated mechanical disinte- 
grator. Following centrifugation at 20,000g for 20 
min., the presence of amino-acid-activating enzymes 
was assayed on the supernatants by measuring the 
exchange between ATP and radioactive pyrophos- 
phate*. 

The results (Table 1) indicate that, while a fair 
number of the L-amino-acids is activated, no activa- 
tion of the p-amino-acids is detectable even if the 
micro-organism is capable of synthesizing compounds 
containing amino-acids with such an optical configura- 
tion. In addition, sarcosine, which has no optical 
activity, is not activated by the tested Strepto- 
mycetes. L-x,y-diaminobutyric acid, which has not 
been found in proteins, is activated by strain 2459 of 
B. polymyxa ; this is the first time that this amino- 
acid is reported to be activated. 

The possibility that the enzymes activating the 
D-amino-acids and _ sarcosine through an ATP- 
pyrophosphate exchange are destroyed during the 
process of extraction or are present in too small 
amounts for detection cannot be ruled out, but seems 
unlikely. It appears more probable that the pathway 
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Table 1. ACTIVATION OF AMINO-ACIDS 
Micromoles of pyrophosphate-phosphorus-32 exchanged per 15 min. per 
mgm. of protein 







B. B. B. Str. Str. 
poly- poly- | circu- anti- parvus | chryso- 
myxa mura lans bioticus genum 
10401 2459 

L- Alanine 0 0 0-077 0 0 0-012 
L- Arginine 0-013 «O 0 0-115 0-044 0 
L- Aspartic 
acid 0-080 | 0 0 0 0 0 
L-Cysteine 0-243 - —- 0-107 0-059 0 
L-a,y-Diam- 
inobutyric 
acid 0 0-641 0 - — —_ 
L-Glutamic 
acid 0 0 0 0-062 0 0 
Glycine 0 0 0 0-133 0-075 0 
L- Histidine 0 0-182 0 0-986 0 0 
L-isoLeucine 2-001 0-695 0-490 1-129 0-162 0-116 
L-Leucine 2-073 | 1:690 | 3-623 0-498 0-044 0-124 
L-Lysine 0-094 | 0-140  O 0-098 0 0-020 
L-Methionine | 0-278 | 0-416 0-487 0-444 0 0 
L-Phenyl- 
| alanine 0-064 0 0 0 0 0-016 
| L-Proline 0-144 0 0 0-204 0 0 
L-Serine 0 0-055 0 0-302 0 0-039 
L-Threonine 0-210 | 0-050 |) 0-035 0-088 0-044 0 
L-Trypto- 
| phan 0-083 | 0 - 0-133 O 0 
L-Valine 0-106 | 1790 0-986 0-489 0-235 0-076 
Sarcosine — _ -- 0 0 — 
p-Alanine 0 0-162 | O 0 0 0 
p-isoLeucine | 0 0 - - ~ 
p- Leucine 0 0 0 0 0 0 
bD-Phenyl- 
alanine 0 0 0 0 
D-Serine 0 0 0 
p-Threonine 0 0 0 - . " 
D-Valine - -- — 0 0 0 
None 
| (eontrol) 0-133 0-280 0-355 0-507 0-073 0-100 


he assay system contained 20 ~M of tris buffer (pH 7-9): 5 uM 
of ATP (pH 6-5); 2-5 «M of MgC),; 3-2 «M of sodium pyrophosphate- 
phosphorus-32 (corresponding to approximately 340,000 counts per 
min. on a ‘Tracerlab’ mica window counter); 10 «M of amino-acid; 
cell-free extracts ranging from 0-068 to 0-49 mgm. of protein; glass 
distilled water, 0-5 ml. 

The values obtained in the controls containing no amino-acids 
were subtracted from all the experiments. The activation was con- 
sidered present when the experimental data were at least 10 per cent 
higher than the controls. 


of biosynthesis of these peptides does not involve the 
activation of the D-amino-acids. Such a hypothesis is 
in agreement with the recent findings that exclude a 
process of amino-acid activation in the biosynthesis 
of some petides containing pD-alanine and other 
L-amino-acids by Staphylococcus aureus®. Work under 
way in this laboratory’ has shown that while 
p-leucine-“C is incorporated in the polymyxin-D 
synthesized by B. polymyxa, the amino-acid is not 
activated by an ATP-pyrophosphate exchange nor 
transferred to soluble RNA. 
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Enzymic Binding of Hydroxylamine by 
Fumaric Acid 


AN organism similar to EF. coli isolated in our 
laboratory was found to grow in a minimal medium 
containing glucose and ammonium sulphate in the 
presence of relatively large concentrations of hydrox- 
ylamine (up to 100 yugm./ml. of the hydrochloride 

amounts which highly toxie to other 
organisms). The amine, which was determined by 
the method of Csaky', was found to disappear during 
growth. 

The metabolic conversion of hydroxylamine by the 
organism was measured using washed cell suspensions, 
lyophilized cells, or cell-free preparations purified by 
fractionation with ammonium sulphate and further 
treatment on a DEAE-cellulose column. The reaction 
mixture (for composition see Table 1) was incubated 
at a low pH of 5-6-5-8 in order to minimize spon- 
taneous decomposition of the hydrexylamine. 

When a sonicated cell-free extract of washed 
lyophilized cells was employed instead of living cells. 
very little, if any, hydroxylamine disappeared. The 
activity of the extract could, however, be restored 
by the addition of the wash fluid of the freshly 
lyophilized preparation, fumaric or malic acid. While 
succinate showed only slight activity, maleate and 
malonate were inactive. Some of the results are 
shown in Table 1. The rate of disappearance of 
hydroxylamine was dependent on the amount of 
fumaric or malic acid present. In fact, for each 
umole of added fumarate (or malate) about 0-8-0-9 
umole of hydroxylamine was consumed?. Changes in 
the amounts of fumaric and malic acids were followed 
chromatographically®. 

Using aged lyophilized preparations (stored in the 
deep freeze at —18° C.) disappearance of hydroxy!l- 
amine could be achieved by the addition of fumaric 
but not malic acid. Thus, fumaric acid seems to be 
the active substrate, while the effectiveness of malic 
acid can be ascribed to the of a labile 
fumarase. This assumption was confirmed by adding 
citrate or phthalate buffer (50 umoles-pH 5-8)* to the 
reaction mixture. Under these conditions only 
fumaric acid was active. 

Ammonia, when added instead of hydroxylamine, 
did not react with fumarie acid (ammonia did not 
disappear), thus no aspartase seems to be involved. 
The presence of hydroxylamine reductase*:* can be 
ruled out as no ammonia, or very little, was formed. 


were 


presence 


Table 1. 
1 

cells (from hydroxylamine-containing 
100 mgm. + 


2. Ditto, washed twice by centrifugation 


1. Lyophilized 
medium), 


3. Supernatant from No. 2 concentrated to original 
volume (wash-fluid) 
4. Sonicated, cell-free extract, 15 mgm 


5. Fumarie acid, 10 «M 


6. L-Malie acid, 10 «#M 

7. Maleie acid, 10 «M 

8. Malonic acid, 10 »M 

9. Succinie acid, 10 «M 

10. Hydroxylamine, 5 «»M - 

rime (min.) 0 0-420 

30 0-230 
60 0-095 


The system contained in addition »yridoxal phosphate, 
I 


reaction mixture was incubated at 37° C 
Csaky (ref. 1 


using a Coleman Junior spectrophotometer. 
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EFFECT OF DICARBOXYLIC ACIDS ON THE DISAPPEARANCE OF HYDROXYLAMINE 


5 “gm.; 
and at intervals aliquots were t 
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Nitrate, nitrite or gaseous nitrogen compounds wep note 
not found. res 

The reaction carried out with the purified enzyp j orge 
was not activated by any of the following ions: Mn*! jing 
Mg*+, Co**, Zn*+, Fe**, PO,*-, or adenosine tripha’ 
phate (ATP). Diphosphopyridine nucleotide (DP) of f 
(0-3 umole) activated some purified enzyme prepar 
tions but not others. Sodium cyanide (10-2 M) 
hydrazine (10-*M) had no inhibiting effect on th D 
reaction. 

Identification of the enzymic condensation prodi: 
of hydroxylamine with fumaric acid was attempt 
At the end of the reaction (after 1-2 hr. at 37° | ~_ 
the complete system and the respective contm we 
were subjected to hydrogenation in the Parr apparaty 
as follows: a minute amount of platinum oxi ‘18 
was added to 1 ml. of the reaction mixture acidifeg ‘M 
with hydrochloric acid to about pH 1-0 and shakey ™ 
for 6 hr. under a pressure of 15 Ib./in.*. The *Zue 


hydrogenated samples were filtered and chromato. ‘20 
graphed in order to detect amino-acids. The complete 
system showed a spot of aspartic acid in contrast t 
the various controls (without enzyme, fumaric agid 
or hydroxylamine). The amount of aspartic acid 
formed by the catalytic hydrogenation was roughly A 
comparable to the amount of hydroxylamine which effe 
disappeared. The formation of aspartic acid when hist 
most of the hydroxylamine and fumarie acid had dea 
disappeared concomitantly suggests that hydroxyl. prot 
amine as such combined with fumaric acid at one of  geti 
the carbon atoms adjacent to the double bond. The ga 
nature of this compound, which seems a likely inter. Mar 
mediate, had not as yet been established. Still tobe of f 
demonstrated is whether or not this compound canbe und 
enzymically reduced to aspartic acid by extracts of agai 
this micro-organism. hist 
A varying portion of the hydroxylamine which! an: 
disappeared during the reaction (from insignificant) stra 
amounts to about 50 per cent) could be recovered by! The 
boiling the reaction mixture for 10 min. with 6 NV) mer 
hydrochloric acid, and the hydroxylamine determ-} ther 
ined after neutralization. Thus, the formation of a) ame 
bound hydroxylamine product, as found by Endres’ | flor 
in Azotobacter cultures, can be shown with our £. coli EB. | 
preparation. The variability in the extent of the! tent 
hydrolysis may perhaps indicate the presence, in | indi 
some preparations, of an additional intermediary _ bac! 
product and labile enzyme. inhi 
Although the enzymic reaction was studied in due 
detail only with organisms similar to EZ. coli, we have Si 
fout 
fror 
2 3 4 5 6 7 3 fror 
, fron 
ac 
amc 
+ sisti 
+ COas 
solu 
tion 
ferr 
Am 
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) Sed’ 
slid 
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mic’ 


+ + 


+ + + + + + 


at 530 mua 
0-430 0-420 
0-120 
0-030 


Optical density 
0-400 0-415 
0-140 
0-030 


0-400 0-400 0-415 


0-385 
0-360 0-010 0-140 


sodium molybdate, 5 aM. Final volume, 2-5 ml.; pH 5-6. The 
aken and the remaining hydroxylamine determined by the method 
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noted the disappearance of hydroxylamine in the 
presence of fumarie acid using preparations of other 
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Induced Increase in Resistance of 
Entamoeba histolytica to Fumagillin 


ALTHOUGH there has been much work on in vitro 
effects of various amcebicidal agents on Entamoeba 
histolytica, I have not found any published data 
dealing with the induced increase in resistance of this 
protozoan to ameebicidal agents. The antiamobic 
activity of fumagillin was first studied by McCowen 
et al.' and was confirmed by Hrenoff and Nakamura?. 
Many workers have since studied the clinical efficacy 
of fumagillin in amecebiasis*-?._ The present work was 
undertaken to determine the activity of fumagillin 
against a number of newly isolated strains of £. 
histolytica from a variety of clinical infections. Also, 
an attempt was made to increase resistance of these 
strains to this highly active amcebacidal antibiotic. 
The main reason for using fumagillin in these experi- 
ments is that it is not antibacterial in activity and 
therefore this agent can be studied in cultures of 
amebe growing in association with a mixed bacterial 
flora. The associated bacteria are required because 
E. histolytica cannot be cultivated axenically consis- 
tently. Furthermore, use of fumagillin minimizes the 
indirect activity of the drug on amcebe since the 
bacterial flora apparently are unaffected, and the 
inhibition of the amceb can be considered as directly 
due to the antibiotic. 

Six strains of EF. histolytica isolated approximately 
fourmonths earlier were used. Two strains were isolated 
from human cases of intestinal amcebiasis, two strains 
from human cases of cutaneous ameebiasis, one strain 
from a case of hepatic amcebiasis, and one strain from 
a case of appendicitis due to E. histolytica. The 
amebe were cultured regularly on a medium con- 
sisting of a solid phase of egg and whole blood (a 
coagulated slant) overlaid with 5 ml. of Ringer 
solution. Rice powder was added just before inocula- 
tion of the media. The ameeba cultures were trans- 
ferred three times a week and incubated at 37° C. 
Amebacidal concentrations of fumagillin were 
determined by growing the amcebe in culture tubes 
containing varying concentrations of the agent. 
Control tubes not containing the antibiotic were also 
inoculated. The tubes were read after 48 hr. of 
incubation by removing approximately 0-1 ml. of the 
sediment from each tube, placing on a microscope 
slide, covering with a glass cover slip, and counting 


. the numbers of amcebe in the low-power field of the 


microscope. Ten different fields were counted and 


NATURE 


413 


average counts recorded ; two samples were taken 
from each tube. Each experiment was performed in 
quadruplicate and each experiment was repeated 
three or four times. The concentration of fumagillin 
necessary to produce 100 per cent inhibition (no 
detectable surviving amcebze) was determined. Resis- 
tance to fumagillin was induced by growing the 
amecebe in culture media containing concentrations 
of the antibiotic which produced 50 per cent inhibi- 
tion. The amcebe were grown on media containing 
antibiotic for 2 weeks, then the susceptibility to 
fumagillin was re-assayed to determine the new 
ameebacidal end-point. Strains of amoebe which 
developed resistance were afterwards cultivated in 
media not containing the antibiotic for 2 weeks and 
re-tested for their sensitivity to fumagillin in order to 
determine the stability of the induced resistance. 

Complete inhibition of HE. histolytica by fumagillin 
was obtained by concentrations ranging from 0-01 ugm. 
to 100 ugm./ml., depending on the strains. The two 
strains obtained from two different cases of cutaneous 
ameebiasis possessed the highest resistance to the 
antibiotic ; concentrations of 50-100 ugm./ml. were 
needed to produce 100 per cent inhibition. The 
strains obtained from cases of intestinal amcebiasis 
were the least resistant to fumagillin ; 0-01—0-1 ugm. 
ml. of fumagillin produced 100 per cent inhibition. 
The strains isolated from a case of hepatic amcebiasis 
and a case of ameebiasis of the appendix were com- 
pletely inhibited by 1-10 yugm./ml. of fumagillin. 
The cutaneous strains, which had the highest degree 
of resistance, were grown in the presence of 1 
10 ugm./ml. of fumagillin and re-tested for their 
susceptibility to fumagillin. No increase in resistance 
was noted. However, when the two strains from the 
intestinal cases which possessed the least amount of 
resistance, were grown in the presence of 0-001 
0-01 ugm./ml. of fumagillin, the resultant cultures 
were highly resistant to fumagillin. These more 
resistant strains required 75-100 yugm./ml. before 
100 per cent inhibition could be obtained. These 
two strains retained this induced resistance to 
fumagillin in spite of cultivation in the absence of the 
antibiotic. Sufficient time was not available to 
determine the permanence of this resistance. The 
strains which possessed intermediate sensitivity to 
fumagillin, namely, those obtained from the liver and 
the appendix, also developed resistance to the drug. 
However, none of the strains developed resistance to 
the degree that would permit growth in the presence 
of more than 100 ugm./ml. of the antibiotic. 

It appears that resistance to fumagillin can be 
induced more readily in strains which are more 
sensitive to this antibiotic. Furthermore, the level 
of resistance produced was high; for example, a 
1,000- to 10,000-fold increase in resistance was 
induced in the strains isolated from the intestine. 
Although this resistance was maintained for a period 
of one and a half months, it would be desirable to 
determine its permanence. No adequate explanation 
can be given for the failure to induce resistance in 
the strains which were initially more resistant to the 
antibiotic. It is interesting that the induced resis- 
tance of the most susceptible strains reached a 
maximum which was approximately the concentration 
required to kill the most resistant (initially) strains. 
It is also interesting that the resistance induced in the 
intestinal strains was not gradual but a sudden 
maximal resistance. It is conceivable that in the 
case of fumagillin, at least, strains of H. histolytica 
isolated from different clinical materials have different 
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degrees of susceptibility to this antibiotic. Admit- 
tedly, the number of strains studied could have been 
larger; however, the availability of amcba strains 
from cutaneous, brain, and extra-intestinal amebiasis 
is limited. 
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VIROLOGY 


Effect of p-Fluorophenylalanine on the 
Multiplication of Foot-and-Mouth Disease 
Virus 


MANY amino-acid analogues are known to prevent 
protein synthesis. p-Fiuorophenylalanine in par- 
ticular has been shown to inhibit synthesis by com- 
petition with phenylalanine. The growth of several 
animal vifuses is inhibited by the addition of this 
analogue to the growth medium (for example, the 
viruses of poliomyelitis', influenza*, fowl plague* and 
Western equine encephalomyelitis‘). In the case of 
poliovirus and influenza virus, the effect of p-fluoro- 
phenylalanine on the infectivity and hemagglutinat- 
ing activity, respectively, was studied. A more 
detailed examination of the effect of the inhibitor on 
the synthesis of the sub-units of fowl plague virus and 
Western equine encephalomyelitis virus has shown 
that information can be obtained on the manner in 
which the complete virus particles are formed. The 
present communication describes the effect of 
p-fluorophenylalanine on the synthesis of the infective 
component and viral ribonucleic acid of foot-and- 
mouth disease virus. 

Infection of pig kidney tissue culture cells with the 
virus (strain 997, type C) leads to the rapid production 
of new virus in the cells (Fig. 1). The formation of the 
infective viral ribonucleic acid, one of the precursors 
of the complete virus, precedes the appearance of the 
virus by 15-30 min. (ref. 5). It has previously been 
shown’ that the inclusion of p-fluorophenylalanine in 
the growth medium reduces the yield of virus, the 
extent of the reduction depending on the concentra- 
tion of the analogue. Table 1 shows some typical 


figures for the reduction of virus titre at 4 hr. when 
suspending 


the medium was phosphate-buffered 
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Fig. 1. Effect of adding 1,000 uM p-fluorophenylalanine to ‘Koi 

infected cells at different times during growth cycle (this concen- Eag 

tration completely inhibits virus synthesis) “Cha 

, fi ) 
saline containing 0-1 per cent glucose. The effect is 
not due to toxicity of the p-fluorophenylalanine, since 
it can be reversed by the addition of phenylalanine‘ 

As the production of foot-and-mouth disease virus 
depends on the prior synthesis of its infective ribo-| M 
nucleic acid component, it seemed to be of interest to! 45 
determine the effect of p-fluorophenylalanine on the oxte 
production of the infective nucleic acid. The figures h 
. P A . . .  _ thos 
in Table 1 show that the reduction in yield of infective onl 
ribonucleic acid obtained from infected cells inhibited, ,., 
by p-fluorophenylalanine corresponded with the fall) ..., 
in virus titre. It seems likely, therefore, that th} jj.) 
formation of the precursor infective nucleic acid i} ¢¢ ,, 
in some way connected with a protein the synthesis 0!) 4. 
which is inhibited by the analogue. With phage, the| T% 
early inhibition of protein synthesis prevents the) 4 
formation of phage nucleic acid, since specific! y)7 
enzymes’:* must be induced to synthesize the hydroxy-} 4.4; 
methyl cytosine base prior to incorporation in the tives 
nucleic acid. Once these enzymes are formed. 4+ 
inhibition of protein synthesis does not prevent the 4: 
production of phage nucleic acid, although complete 100 
phage particles are not formed. This does not appear .¥; 
i ; , : | (XI 
fable 1. YIELD OF VIRUS AND VIRAL RIBONUCLEIC ACID AT 4 BB inf 
IN PIG KIDNEY TISSUE CULTURE CELLS WITH p-FLUOROPHENYLALANIS | MUCC 
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to be the case with foot-and-mouth disease virus, as 
the addition of p-fluorophenylalanine (1,000 pM), 
even immediately before the maturation stage, leads 
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nucleic acid synthesis within 20 min. (Fig. 1). Even 
for natural amino-acids it has been reported that 
15 min. is required for 75 per cent penetration®, so 
20 min. probably represents the time required for 
p-fluorophenylalanine to reach its site of inhibition. 
It appears, therefore, that the synthesis of the 
infective nucleic acid of foot-and-mouth disease 
virus, like that of Western equine encephalomyelitis 
virus‘, is intimately related to the continuous synthesis 
of protein. This might be due to the need for the con- 
tinuous synthesis of induced enzymes or to the fact 
that ribonucleic acid and protein synthesis are inti- 
mately coupled, as has often been postulated’. 
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Leaf Curl Virus and the Flavonoid 
Content of Resistant and Susceptible 
Strains of Cotton 

Massey and Andrews! reported finding larger 
amounts of unidentified ‘brown’ pigments in aqueous 
extracts obtained from healthy cotton leaves than in 
those obtained from leaves infected with cotton leaf 
curl By means of the known chemical tests I 
ascertained that the pigments are in fact antho- 
eyanins. The work described here is a study of the 
changes in the amounts of various flavonoids in leaves 
of resistant and susceptible strains of cotton, in the 
course of infection. 

Top leaves from two strains of Domains Sakel were 
wed, BAR 14/25 as a highly susceptible strain and 
X17/30 A as a strain resistant to leaf curl virus. Both 
strains were grown in the same plot and were cul- 
tivated under identical conditions. It was observed 
that virus infection appeared in the susceptible 
strain (BAR 14/25) thirty days after sowing and 
100 per cent infection had occurred 115 days after 
sowing. Infection started in the resistant strain 
(X17/30 A) 70 days after sowing and only 40 per cent 
infection was observed 120 days after sowing. 

Leaf extraction and methods of determining total 
phenols, anthocyanins, leuco-anthocyanins, and flav- 
anols were those used by Swain and Hillis?. 

The results (Table 1) show that the percentages of 
total phenols, leuco-anthocyanins and flavanols are 
higher in the resistant than in the susceptible strain 
throughout the season. Infection with the virus 
caused a rise in the amounts of total phenols, leuco- 
anthocyanins and flavanols in both strains, followed 
mall cases by a gradual decrease in these amounts. 
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Table 1. PHENOLIC COMPOUNDS IN COTTON LEAVES IN THE COURSE 
OF INFECTION WITH LEAF CURL VIRUS 
(Percentage on dry weight basis) 
Total Antho- Leucoantho-| Flavanols | 
Days phenols cyanins cyanins | 
after - — — —- —\— 
' sowing H . + ee I i BF S I 
BAR 14/25 (Susceptible) 
| 40 7-01 38-74 1:22 1:34; 0-03 0-06 | 0-16 0-20 
60 5-14 6-97 0-93 1:24 | 0-03 0-05 | O17 O21 
30 6-54 456 | 0-68 O72 0-08 0-05 | 0-30 0-23 
| 100 5°61 3°32 | 0-55 0-52 0-07 O04 |! O28 0-21 
! 
j X 17/30 A (Resistant) 
| 40 10-06 _ 1-66 - 0-08 — , 0-24 - 
60 | 922 ~_ | 142 = 0-09 — | 030 -- 
j 80 7°26 «610-47 1:23 O91 0-19 O75 | O43 1°55 
| 100 7-33 426 | O89 O-41 0-27 0-09 0-56 0-22 
| 120 656 1:39 | 0-83 0-23 0-09 | 0-43 0-29 
1 


0-23 


H, healthy; I, infected 


The anthocyanins behaved in the same manner in 
the susceptible strain, that is, there was a sharp rise 
in the amounts following infection, then a gradual 
decrease, but in the resistant strain these amounts 
actually decreased rapidly after infection had 
occurred. 

The results obtained in this work suggest that there 
might be some connexion between the flavonoid 
content of the leaves and the resistance of cotton 
plants to leaf curl virus. A study of the flavonoid 
content may act as a guide in spotting resistant 
strains in the course of breeding for resistance 
towards this disease. 

This work was carried out in the Faculty of Agricul- 
ture, University of Khartoum; I am indebted to 
Dr. T. Swain of the Low Temperature Research 
Station, Cambridge. for his help. 

¢sAM M. MoustTaFra 
Plant Chemistry Division, 
Department of Scientific and 
Industrial Research. 
Palmerston North, 
New Zealand. 
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SOIL SCIENCE 


Isolation of Anthraquinone from Humus 


Ir is now generally accepted that the skeletal part 
of humic acids consists of heteropolycondensates of 
various aromatic nuclei. This concept, however, has 
been deduced rather indirectly from physico-chemical 
data such as X-ray analysis, and benzene seems to be 
the sole aromatic ring identified by the method of 
organic chemistry’. Recently we found anthra- 
quinone in the decarboxylation products of the water- 
soluble acid fraction obtained by the alkaline per- 
manganate oxidation of humic acids. 

The humic acids used in this work belonged to 
so-called A type*, and were obtained from a volcanic 
ash soil at the foot of Mt. Fuji, and from a muck soil 
presumably formed under the influence of volcanic 
ash showers on low-moor peat at Tanemori, Akita 
Prefecture, both soils being treated with 0-5 per cent 
sodium hydroxide at 100° C. for 30 min. 

The sample, dissolved in N potassium hydroxide, 
was heated at about 90° C. and oxidized by adding 
potassium permanganate powder in small portions, 
until the permanganate to humic acid ratio became 
4-0. The mixture was cooled, filtered to remove 
the precipitated manganese dioxide, and washed 
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thoroughly with water. The filtrate was slightly 


acidified with sulphuric acid and concentrated under 


reduced pressure. 

After the removal of inorganic salts and acid- 
insoluble organic acids by filtration, the reddish-brown 
solution, adjusted to contain about 4 N sulphuric 
acid, was subjected to ether extraction for many days. 
The extract, composed mainly of polycarboxylic 
acids, was freed from ether by evaporating to dryness, 
and the reddish-brown solid was obtained, which was 


decarboxylated by the copper-quinoline method of 


Montgomery and Holly*. 

The distillate during decarboxylation was collected 
in ethyl alcohol, in which the presence of benzene 
was confirmed by its ultra-violet spectrum ; pyridine 
was also detected. 

The dark-coloured residue from the decarboxyla- 
tion was mixed with ether, filtered through a filter 
paper to remove insoluble materials, and washed with 
hydrochloric acid (1 : 1) and 5 per cent sodium hydrox- 
ide successively to remove basic and acid fractions, 
respectively. The neutral fraction was then freed 
from ether by evaporating to dryness, and after 
drying in a desiccator containing silica gel, dissolved 
in small quantities of carbon tetrachloride. 

The carbon tetrachloride solution was chromato- 
graphed through an alumina column. By developing 
it with carbon tetrachloride, a yellow band moved 
down, giving at first colourless, then yellow filtrates. 
Development was continued until the yellow band 
passed through the column and the filtrate became 
nearly colourless. This filtrate was passed through a 
silica gel column. The top of the silica gel column 
(fraction 3) was stained strongly reddish-brown, the 
other part of the column (fraction 2) colourless, and 
a colourless filtrate was obtained (fraction 1). Frac- 
tions 3 and 2 were scraped separately, and eluted with 
ether. 

Three fractions could be distinguished under ultra- 
violet light on the alumina column after development ; 
the upper layer (fraction 6) being dark brown in 
appearance and showing no fluorescence, the middle 
layer (fraction 5) yellowish brown and yellowish green 
fluorescence, and the under layer (fraction 4) grey 
and partly red fluorescence. These fractions were 
scraped out separately, and eluted with acetone. 
Fractions 5 and 6 were reserved for further investi- 
gation. 

Fractions 1-4 were tested for aromatic compounds 
by examination of infra-red and ultra-violet spectra. 
besides routine organic analysis. The results obtained 
so far may be summarized as follows : 

First it must be mentioned that yellow crystals 
were readily obtained from fractions 3 and 4 by 
evaporating the eluates. |Needle-shaped crystals 
obtained by recrystallization from ethyl alcohol 
followed by sublimation were identified as anthra- 
quinone, because its melting point was 285° C. and 
this was not depressed by mixing with authentic 
specimen, and the infra-red spectrum was identical 
with that of anthraquinone. 

Fraction 1 was considered to be mainly composed of 
paraffins, but the ultra-violet spectrum showed small 
quantities of naphthalene derivatives to be present. 
In the case of Fuji humic acid, 2-methyl-naphthalene 
was confirmed by its ultra-violet spectrum and the 
melting point of its picrate (115-116° C.). The 
presence of naphthalene derivatives in fraction 2 was 
also presumed. 

From these results, though very qualitative. it is 
reasonable to suppose that humic acids showing a 
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higher degree of humification contain not Only , shat 
benzene ring but also anthracene, probably in th pro) 
form of anthraquinone and naphthalene rings. sere’ 

Differences in the nature and properties of hump)jsha¢ 
acids obtained from various soils may be explainabk app 
by the composition of their aromatic nuclei. Furthe on | 
investigations are proceeding. una 
Kyorcnt Kumapa | {sha 
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PSYCHOLOGY me 

° , : eT 

Measuring Visual Constancy for Stationary or " 

Moving Objects ad 


IF two objects of the same size are viewed so that the 


one is twice as far from the eyes as the other, the’ ang 


retinal image of the farther object will be one-half the 


size of the image of the nearer object, but it does not) pati 


appear half the size to the observer. They both appear 
almost the same size and the effect, which is due to 
perceptual interpretation of the retinal image, is 
known as size constancy!:*. 

In this method of measuring constancy of size, the 
eye is placed close to a small light-scurce which casts 
the shadow of an object (such as a flat disk) ona 
vertical screen. The angle subtended at the eye by the 
shadow will remain constant for any distance of the’ 
screen, but the shadow appears to expand as the 
sereen on which it is projected is moved away from 
the observer. Other positions of the eye in relation to 
the source will produce size changes in the retinal! 
image when the screen is moved. With the eye 
nearer the screen, the retinal image will contract 
(Fig. 1); with the eye behind the source it will 
expand. The degree of size constancy may be de- 
scribed in terms of the Thouless ratio, which is 
given by : 


thre 
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where d, and d, are distances of thie screen from the 
eye when the shadow measures 1, and 1, respectively. 
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the position of the eye being such that no size change ¢0n 


is observed. 
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One can also measure constancy of shape, this being > nv 
the tendency for a flat object to have a perceived tne 
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10t Only ;shape corresponding very nearly to its normal 
ibly in th projection ( normal’ in the geometrical sense). If the 


ings. 


screen is rotated around its vertical axis while the 


8 of humjshadow-casting object remains stationary, the shadow 
°xplainabk appears to enlarge horizontally. Although the shadow 
‘i. Furtheon the screen changes shape, the retinal image is 
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ionary or 


ed so that 
other, the 
1e-half the 


unaltered. The shape perceived is nearly that of the 
shadow viewed normally. 

The magnitude of this effect can be measured, again 
using a null method, by arranging for a compensatory 
change of shape of the retinal image. This may be 
done by rotating the (flat) object. The screen and 
object may be linked to provide simultaneous rota- 
tions, their relative angles of rotation being adjust- 
able. The magnitude of the effect may again be stated 
in terms of the Thouless ratio, which is given by 

log P-log S 

log R-log S 
where R is the ratio of the width of the shadow on the 
screen to its height, P the ratio of perceived width to 
perceived height (arranged to be constant and 
measured when the screen is normal to the observer). 
and S the ratio of the retinal width of the shadow to 
the retinal width when the screen is normal. If the 
angles subtended at the eve are small, the Thouless 


log cos p 


t does not) ratio is given by ogee where pis an angle turned 
th ap og cos q 
is due to snrough by the object and qg the corresponding angle 


image, is 


f size, the 
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turned through by the screen (Fig. 2). the relative 


angles of rotation being such that no change of 


shape is observed. 
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In particular we have 
tried to discover whether apparent movement due 
to constancy can be adapted. It is known that con- 
tinuous presentation of real movement gives rise to an 
after-effect of apparent movement in the opposite 
direction’. The question here is: Can apparent 
expansion or contraction of the shadow produce an 
after-effect ? By projecting the shadow on a series of 

ySereens whi‘, move continuously away from the 
observer and are stopped after 1 min., we find that an 
after-effect does take place, though the retinal image 
of the shadow remains unchanged during the move- 
ment of the screens. During the movement the shadow 
appears to expand ; in the after-effect. it appears to 

} contract. An after-effect of movement can thus be 
produced without shift of the image across the retina. 

; Observation of the moving screens without the 
shadow does not produce the same after-effect of 
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contraction of the shadow thrown on the screen now 
stationary, so the after-effect is not merely an induced 
movement, as described by Duncker*. 
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apparatus, 
S. M. ANst1Is 
C. D. SHOPLAND 
R. L. GrREGorRY 
Psychological Laboratory, 
University of Cambridge. 
Thouless, R. H., Brit. J. Psychol., 21, 339 (1981) ; 22, 1 (1931) ; 
22, 216 (1932). 

> Vernon, M. D., A Further Study of Visual Perception (Cambridge 
Univ. Press, 1954). 

Wohlgemuth, A., “On the After-Effect of Seen Movement,” Brit. 
—— Monograph Supplement (Cambridge Univ. Press, 


* Duncker. K., “Induced Motion’’,in A Source Book of Gestalt Psychology, 
edit. by Ellis, W. (Routledge and Kegan Paul, London, 1938), 


ANTHROPOLOGY 


The Juvenile Mandible from Olduvai 

FURTHER to my report in Nature on February 25, 
p. 649, about the new discoveries of hominid remains 
in Bed I and Bed IT at Olduvai Gorge, additional 
information can be given on the mandible of the 
juvenile from the site FLK.NN.I, at a_ horizon 
older than that of Zinjanthropus. 

The third lower premolar (often called the first 
lower premolar by anatomists) is, in all the published 
Australopithecines, markedly shorter mesio-distally 
than wide bucco-lingually. The published figures for 
fully erupted lower third premolars of Australo- 
pithecines in South Africa include 14 from Swartkrans 
with indices (100 x LZ)/B ranging from 76-00 to 
91-9 and a mean of 83-2. Kromdrai has only one 
reasonably preserved third lower premolar with an 
index of 83-2. Sterkfontein has only two good 
measurable examples published, which give indices of 
77-8 and 76-8 respectively. Makapan has two 
measurable teeth, and the indices are said to be 
identical, at 88-4. 

It is thus clear that, on the basis of the available 
published data (which are confirmed by my own 
observations on the original material at Pretoria and 
Johannesburg, which Prof. R. A. Dart, Prof. P. V. 
Tobias and Dr. J. T. Robinson kindly allowed me to 
examine), the third lower premolars of all known 
Australopithecine specimens are broader bucco- 
lingually than they are long mesio-distally. The index 
(100 L)/B gives a range of 76-00—-91-9. 

In the juvenile hominid from the level below 
Zinjanthropus of site FLK.NN.I the measurements 
of the third lower premolars are as follows : 


Length Breadth Index 

Left 11.00 9-5 115°8 

Right 11-00 9°5 115-8 
Thus, while all the published length—breadth indices 
of fully erupted lower third premolars of all 


Australopithecus and Paranthropus specimens are 
much less than 100 (that is, broader than long) and 
have a range of 76-00—91-9, the indices of the tooth 
in the juvenile hominid from the pre-Zinjanthropus 
level are greater than 100, being in fact 115°8. 
Quite apart from this very clear measurable 
difference whieh puts the third lower premolar 
completely out of the known range of measurable 


418 





we a 


Fig. 1. Comparison between the teeth of the left side of the 
(a) pre-Zinjanthropus juvenile mandible with those of (>) an 
adult Paranthropus to show the morphological differences. 
In the Olduvai specimen the third molar is not present. (Not to 
the same scale, but reduced so that the length P, — M, inclusive 
is approximately the same so as to show relative proportions) 


variation in the Australopithecines, the morphological 
picture is also completely different from that of any 
Australopithecine that 1 have been able to examine, 
or of which there are published photographs available 
to me (Fig. 1). 

Turning next to the published data of lower fourth 
premolars (second premolars of some anatomists) of 
known Australopithecines, we find that there are 
13 measurable specimens from Swartkrans, all of 
which are much wider bucco-lingually than they are 
mesio-distally. The index (100 L)/B ranges from 
61-1 to 91-1 with a mean of 82-3 (very close to the 
mean for the third lower premolars). Only two 
specimens from Kromdrai are known and they fall 
well within the range with indices of 84-4 and 84-7. 
Only two Sterkfontein lower fourth premolars appear 
to have been described in the literature, and these 
give indices of 87-0 and 82-9. I know of no measur- 
able fully erupted fourth lower premolars from 
Makapan that have been recorded; the known 
specimens are either not fully erupted or very worn 
and damaged. 

When we turn to the juvenile hominid from the 
pre-Zinjanthropus level at FLK.NN.I, we find that 
the fourth premolars are markedly longer mesio- 
distally than they are bucco-lingually. The measure- 
ments and indices are as follows : 


Length Breadth Index 
Left 11-0 10 104 
Right 11-0 10-50 104-7 


Thus we find that whereas in the known Australo- 
pithecines the range in the index (100 L)/B is 


from 61-1 to 91-1, in the juvenile from the pre- 
Zinjanthropus level at Olduvai, the position is quite 
different. The mesio-distal length is greater than the 
bucco-lingual width, so that the indices are more than 
100. 

Again, apart from measurable differences, the fourth 
premolars in the new jaw are morphologically different 
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from those I have seen in the collections of Austra) 
pithecines at Johannesburg and Pretoria (Fig. 1). 

The published data on the first lower molars ¢ 4» 
Australopithecus shows that the index (100 L )jpipefor 
varies from 114-6 in one of the Sterkfontein specimey = 
to 100-8, also from Sterkfontein, and the indigspatho 
from other sites fall within this range, both in respec?" 
of Australopithecus and Paranthropus. The firsdja th 
lower molars in the juvenile jaw from the prepain 
Zinjanthropus level show identical measurements ¢ a 
length 14-25 and breadth 12-00, giving an index offesis 
117-00. This is outside the published range of varig tas 
tion of Australopithecine first lower molars. Morpho.Sritis 
logically, too, there are differences in the crow*¥:! 
pattern, which is much simpler and more like thatjctry 
which can be observed in some modern AustralignA®tt 
Aborigine teeth. coon 

The second lower molar of the pre-Zinjanthropus Lec 
juvenile is 16-00 mm. long and 14-00 mm. wide. Inftegu 
this case, the index falls within the range of variation’ Re: 
of the known Australopithecines. Some morphological ff 
differences seem to me to be present, but need further Tne 
study. I do not recall (nor have I notes on) any. Fe 
really comparable tooth in the collections in Pretoria ts 
or Johannesburg, but I say this with reservations, Resa 

There is a single upper molar (which appears to be Pall 3 
an unerupted upper molar) in which the roots have Pa 
not yet formed and in which the crown is completely Fivdar 
fresh. It seems likely that it represents the third Gelati 
upper molar of the same juvenile as is represented by ~ 
the mandible. and in which the lower second molar icbesamn 
erupted but scarcely worn. LEc 

If this tooth is correctly interpreted as an uneruptedyi,'f, 
third upper left molar, then it confirms my viewer : 
that the teeth of the juvenile pre-Zinjanthropus differ, Bo 
in most measurable respects, from the Australo-plarlb 
pithecines. The tooth has a mesio-distal length off “wee 
13-5 and a bucco-lingual width of 12-75, giving anid a 
index of (100 x LZ)/B of 106, which seems to beps mm 
outside the range of variation published for anf t 
Australopithecine upper third molar. Even if it is notF*, °- 
a third upper molar but a second, it is still outside Shyualif 
published range, while morphologically it does not hart 


seem to be of Australopithecine type. ‘ flondo 
In conclusion, may I say that when I used the} Tex 
class h 


word ‘child’ with reference to the pre-Zinjanthropus \ coo 
juvenile in my report in Nature of February 25, I was tions); 
not intending thereby to imply that the father was a/2°" 
‘man’ in the sense of the accepted definition of)makin 
treating him as the ‘maker of tools to a set and\'%3 


regular pattern’. I used the word ‘child’ simply as) Lec 


meaning a juvenile of the family Hominidae. rete 
There are stone tools and a bone tool in direct/ior Hi 


association with the juvenile, but it is not yet certain Ae 
whether his family made these tools, any more than cojjeg, 
it is quite certain that Zinjanthropus made the tools Rea 


which are in direct association with the skull from — 
FLK.L. Di 


If I am right in believing that the juvenile from = 
FLK.NN.1 is not an Australopithecine, but a very gp 
remote and truly primitive ancestor of Homo, then iver 


° . ° - , degre 
it is possible (and I stress the fact here that I only ibrar: 


use the word ‘possible’ at this stage of the inquiry Rs 
that it was this branch of the Hominidae that also realan 


made the Oldowan tools at the site FLK.I where}londo: 
Zinjanthropus boisei was found. We do not yet know), Lac 
' t 


the final truth of this problem. Comm 
L. S. B. Leakey )/ealan 

The Coryndon Museum, . 
Box 658, Nairobi, Regist 

f Augus 


Kenya. 
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te i APPOINTMENTS VACANT 


molars ¢ APPLICATIONS are invited for the following appointments on or 
Ox )eipefore the dates mentioned: 
vain | BIOCHEMISTS (2) (science graduates, preferably with experience in 
Specimens ical biochemistry), for duties involving laboratory work in clinical 
he indicespathology at Foresterhill or at Woodend Hospital—The Secretary, 
in re he University, Aberdeen (July 27). 
at espect ANIMAL PHYSLOLOGIST (with research experience), to develop work 
The mh the field of adaption of animals to environment—The Secretary, 


f Austral 


the nimal Breeding Research Organization, A.R.C., Glenbourne, South 
1© PF wald Road, Edinburgh 9 (July 29). 
rements of) LgcrvRER or ASSISTANT LECTURER IN ORGANIC CHEMISTRY- 
n index ofRegistrar, The University. Manchester 13 (July 31). 
2 of wad LECTURER IN PSYCHOLOGY at Victoria University of Wellington, 
ana New Zealand—The Secretary, Association of Universities of the 
Morpho.ritish Commonwealth, Marlborough House, Pall Mall, London, 
the crow®¥:! (New Zealand and London, August 4). 
- —_ LECTURER (preferably with research experience in surface chem- 
- like that jstry or chemical kinetics) IN PHARMACY at the University of Sydney, 
AustralignAwstralia—The Secretary, Association of Universities of the British 
Tommonwealth, Marlborough House, Pall Mall, London, 8.W.1 
jjustralia and London, August 11). 


The 


janthropus LECTURER (graduate in science or engineering) IN THE DEPART- 
id went OF BUILDING SCIENCE—The Registrar, The University, Liverpool 
wide. Inj ingust 12). 


' Variation) RESEARCH ASSISTANT (with a higher degree in theoretical physics 
phological ¥* mathematics) IN THEORETICAL Puysics—The Registrar and 
5G Secretary, King’s College (University of Durham), Newcastle-upon- 
ed further Tyne 1 (August 12). 
$ on) any FELLOW (specialized in organic chemistry, with special reference to 
> ~ the chemistry of compounds of neuropharmacological significance) 
n | retorigjy rag DEPARTMENT OF PHYSIOLOGY, John Curtin School of Medical 
vations, Research, Australian National University—The Secretary, Association 
* of Universities of the British Commonwealth, Marlborough House, 
ears to be pal] Mall, London, S.W.1 (August 14). 
oots have PsysicaL RESEARCH CHEMIST (physical chemist, preferably with 
ompletely everal years’ postgraduate experience), for work concerned with 
PlCtElY Fundamental studies on gelation—The Director of Research, British 
the third Gelatine and Glue Research Association, 2a Dalmeny Avenue, London, 
. N.7 (August 14). 
se Y 

nte d by LECTURER or ASSISTANT LECTURER IN THE DEPARTMENT OF APPLIED 

1 molar is)uruematics—The Registrar, ‘The University, Liverpool (August 15). 
LECTURER/SENIOR LECTURER (preferably with research interests 

° jn epidemiological or immunological aspects) IN PARASITOLOGY in 
Ine rupted. Faculty of Rural Science, University of New England, Armidale, 
my viewNew South Wales, Australia, to teach and carry out research in 
pees Liff arasitology with particular reference to livestock aspects—The 
DUS GUTer. ecretary, Association of Universities of the British Commonwealth, 
Australo-larlborough House, Pall Mall, London, 8.W.1 (Australia and London, 
length of August 15). 

rite “| RESEARCH ASSISTANTS (2) (with at least a B.Sc. degree or equivalent, 

ZiViINg anjpad a special interest in physical chemistry or chemical engineering) 

ms to beb* THE DEPARTMENT OF CHEMISTRY, to continue a study of the 

quilibrium properties of imperfect gases under the terms of a con- 

for @nyfract between the University and the D.S.I.R.—The Registrar (Room 
f it is not 2, O.R.B.), The University, Reading (August 15). 

. SENIOR TECHNICIAN or TECHNICIAN (with the A.I.S.T. or equivalent 
Outside Ajqualification) IN THE DEPARTMENT OF ZOOLOGY, University of 
does not Khartoum—The Registrar, University of Khartoum, c/o Inter-Univer- 

ity Council for Higher Education Overseas, 29 Woburn Square, 
: floadon, W.C.1 (August 15). 
used the —— TECHNOLOGIST (man or woman, with a first- or second- 
class honours degree in textile technology, chemistry or physics, or 
INthropns i sociate or Fellow of the Textile Institute, or equivalent qualifica- 
25, I wasttions) at the Tropical Products Institute, London, W.C.1, to supervise 
1er was al group concerned with research into, and laboratory examination of, 
weg various aspects of animal and vegetable fibres, pulp, paper and board- 
nition of pnaking > hides, skins, etc., of tropical origin—Civil Service 

. ommission, 17 North Audley Street, London, W.1), quoting Ref. No. 
Set and), 5333/61 (August 15). 
imply &s| LECTURER or ASSISTANT LECTURER (with experience and research 
‘ yuterests in plant physiology) IN BoTANY at the University College 
4 . if Rhodesia and Nyasaland—The Secretary, Inter-University Council 
in direct lior Higher Education Overseas, 29 Woburn Square, London, W.C.1 
t corte Rey M E The R 1 

CTURER IN MECHANICAL ENGINEERING—The Registrar, Trinity 
ore than College, Dublin 2 (August 28). . i 
the tools READER IN AERONAUTICS at Imperial College—The Academic 
“ull from meeirer, University of London, Senate House, London, W.C.1 





cf DIRECTOR OF THE NATURAL HISTORY MUSEUM, Adelaide, South 
1ile from Australia—The Agent-General for South Australia, 56 Strand, London, 
oa W.C.2 (August 31). 

a . KEEPER OF SCIENTIFIC BOOKS (with considerable experience of 
mo, then university or research library administration and a good honours 
+ 1 only ‘legree preferably in science), to superintend the Radcliffe Science 
. i XLibrary—The Librarian, Bodleian Library, Oxford (August 31). 
inquiry LECTURER IN PHILOSOPHY at the University of Canterbury, New 
hat also (ealand-—The Secretary, Association of Universities of the British 

commonwealth, 36 Gordon Square, London, W.C.1 (New Zealand and 
I where Loudon, August 31). ; ’ 
ret know}, Lscrwnzas (3) IN CHEMISTRY at the University of Auckland, New 
lo aland—The Secretary, Association of Universities of the British 
pinmonwealth, Marlborough House, Pall Mall, London, S.W.1 (New 
jZealand and London, August 31). 
1p READER (with a special interest in the properties of materials) 
5 ELECTRICAL ENGINEERING at Imperial College—The Academic 
Saeed te Vniversity of London, Senate House, London, W.C.1 
st 31). 
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LECTURFR IN THE DEPARTMENT OF MEDICAL PHYsics—The Secre- 
tary, Royal Free Hospital School of Medicine (University of London), 
8 Hunter Street, London, W.C.1 (September 1). 

SENIOR LECTURER IN APPLIED ELECTRONICS at Victoria University 
of Wellington. New Zealand—The Secretary, Association of Univer- 
sities of the British Commonwealth, Marlborough House, Pall Mall, 
London, 8.W.1 (New Zealand and London, September 1). 

LECTURER or ASSISTANT LECTURER (medically or non-medically 
qualified candidate) IN THE DEPARTMENT OF HISTOLOGY—The 
Registrar, The University, Liverpool, quoting Ref. CV/N (Septem- 
ber 4). 

LECTURER or JUNIOR LECTURER IN PURE MATHEMATICS 
Registrar, Trinity College, Dublin 2 (September 4). 

LECTURER IN SOCIAL ANTHROPOLOGY at the University of Auckland, 
New Zealand—The Secretary, Association of Universities of the 
British Commonwealth, 36 Gordon Square, London, W.C.1 (New 
Zealand and London, September 8). 

LECTURER/SENIOR LECTURER (well qualified in electrical engineer- 
ing or physics, general experience in electronics and a considerable 
detailed knowledge of solid state devices and circuits) IN ELECTRICAL 
ENGINEERING at the University of Sydney, Australia—The Secretary, 
Association of Universities of the British Commonwealth, Marlborough 
House, Pall Mall, London, 8. W.1 (Australia and London, September 15). 

SENIOR LECTURER IN PHYsIcs at Victoria University of Wellington. 
New Zealand—The Secretary, Association of Universities of the 
British Commonwealth, 36 Gordon Square, London, W.C.1 (New 
Zealand and London, September 30). 

ASSISTANT LECTURER (with an honours degree or an honours 
diploma in technology in applied physics, and preferably research 
or industrial experience in some branch of applied physics) IN PHYSICS 
—The Secretary, Northampton College of Advanced Technology, 
St. John Street, London, E.C.1. 

BIOCHEMIST (with a first- or second-class honours degree or graduate 
member of the Royal Institute of Chemistry), for duties in the 
Hematological Laboratory—The House Governor, King’s College 
Hospital, Denmark Hill, London, 8.E.5. 

LECTURER or ASSISTANT LECTURER (particularly interested in 
petrology and mineralogy) IN GEOLOGyY—Prof. D. Williams, Geology 
Department, Imperial College of Science and Technology, London, 
S.W.7. 

LECTURER (preferably with a higher degree and research experience 
in an industrial environment) IN METALLURGY in the Department 
of Materials—The Recorder, College of Aeronautics, Cranfield, 
Bletchley, Bucks. 

LECTURER (university graduate in physics with industrial and/or 
research experience in radiation protection or a kindred subject, and 
preferably some teaching experience) IN PHystcs—The Clerk to the 
Governing Body, Borough Polytechnic, Borough Road, London, 
S.E.1. 

PHYSICISTS or ELECTRICAL ENGINEERS (with experience in one or 
more of the following fields: high vacuum: R.F. techniques (75 Mc./s.): 
high power rectifier and pulse circuits; or general electronic instru- 
mentation and controls), to assist with the construction and com- 
missioning of a large heavy ion linear accelerator—The Assistant 
Director, Linear Accelerator Laboratory, Physics Department, Th« 
University, Manchester 13. 

POSTGRADUATE STUDENT (recent graduate with a good degree in 
physics or physical chemistry) IN THE DEPARTMENT OF PHYSICS, to 
research under the supervision of Dr. J. G. Powles on some aspect 
of magnetic resonance—The Registrar, Queen Mary College (Univer- 
sity of London), Mile End Road, London, E.1 

RESEARCH ASSISTANT (recent graduate in chemistry with an interest 
in zoology or comparative biochemistry), to join a team investigating 
chemical constituents of the biles of many species. with a view to a 
fuller understanding of evolutionary theory and taxonomic principles 
—Prof. G, A. D, Haslewood, Biochemistry and Chemistry Department. 
Guy’s Hospital Medical School, London Bridge, London, 8.F.1. 

RESEARCH ASSISTANT (recent physics graduate) IN THE DEPART- 
MENT OF Puysics, for track analysis in connexion with the National 
Bubble Chamber project—The Assistant Registrar (Science), The 
University, Edgbaston, Birmingham 15. 

SCIENTIFIC OFFICER (with a first- or second-class honours degree 

in chemical engineering or in chemistry, and postgraduate training 
or experience in chemistry) at the Humber Laboratory, Kingston- 
upon-Hull, Yorkshire, to work on problems of both fundamental and 
applied research concerned with fish-smoking; the transport of fresh 
and frozen fish; and the manufacture of fish meal—The Director. 
Torry Research Station, D.S.1.R., Aberdeen, quoting Ref. Torry 8Z. 
NIOR LECTURER (graduate in pharmacy or chemistry with an 
-stablished interest in the medicinal field) IN MEDICINAL CHEMISTRY 
at the Department of Pharmacy—The Secretary, The Royal College 
of Science and Technology, George Street, Glasgow, C.1. 
SENIOR LECTURER (with a good university degree in agriculture 
or veterinary science, considerable postgraduate experience in research 
and/or teaching in a higher institutior, and conversant with tropical 
work in animal husbandry) IN ANIMAL HUSBANDRY in the School of 
Agriculture, Kumasi College of Technology, Ghana—The Assistant 
Registrer, Kumasi College of Technology, 29 Tavistock Square, 
London, W.C.1. 

SENIOR RESEARCH ASSISTANT (with a Ph.D. or appropriate research 
experience) IN THE DEPARTMENT OF PHysics, The University, Leeds 2. 

SENIOR RESEARCH ASSOCIATES (2) (experienced electrical engineers 
or physicists) IN THE DEPARTMENT OF Puysics, for the development 
of the proton synchrotron—The Assistant Registrar (Science), The 
University, Edgbaston, Birmingham 15. 

TECHNICAL OFFICER (with a degree or National Diploma in Agri- 
culture or a degree in agricultural botany), to assist in work on herbage 
seed production—The Secretary, National Institute of Agricultural 

3otany, Huntingdon Road, Cambridge. 


The 
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REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 
Great Britain and Ireland 


rhe Boiler Availability Committee. Bulletin No. MC/316: Testing 
rechniques for Determining the Corrosive and Fouling Tendencies of 
Boiler Flue Gases. Pp. 68. (London: The Boiler Availability Com- 
mittee, 1961.) {185 

British Association for Commercial and Industrial Education. 
Interviewing in Twenty-six Steps. by John 8, Gough. Pp. 16. 
(London: British Association for Commercial and Industrial Educa- 
tion, 1961.) 38, 6d, [185 

Royal Institute of Chemistry Monographs for Teachers, No. 4: 
Principles of Metallic Corrosion. By Dr. J. P. Chilton. Pp. v + 64. 
(London: Royal Institute of Chemistry, 1961.) 6s. [185 

Tobacco Manufacturers’ Standing Committee. Research Papers, 
No. 4: Cigarette Smoke Condensate—Preparation and Routine 
Laboratory Estimation. By H. R. Bentley and J. G. Burgan. Second 
edition. Pp. 14. (London: Tobacco Manufacturers’ Standing Com- 
mittee, 1961.) [185 

Westminster Press Provincial Newspapers, Ltd., Report of the 
Director and Accounts, year ended 31st December, 1960. Pp. 10. 
(London : Westminster Press Provincial Newspapers, Ltd., 1961.) [195 

Forestry Commission. Forest Record No. 45: Fires in State Forests 
in the years 1929-1956. By Haldane Charters. Hh 37. 38. net. Forest 
Record No. 47: Provisional Yield Tables for Adies grandis and Abies 
nobilis. By J. M. Christie and T. E. A. Lewis. Pp. 48. 3s. net. (London: 
H.M, Stationery Office, 1961.) [195 

The Royal Observatory, Edinburgh. Report of the Astronomer 


Royal for Scotland for the year ending 3lst March 1961. Pp. 12. 
(Edinburgh: The Royal Observatory, 1961.) (195 
Publications of the Royal Observatory, Edinburgh, Vol. II, No. 6 
Spectrophotometric Measurements of Early Type Stars. 7: Results 


and Discussion for 10 Stars of M.K. Type B, and 7 Stars of Miscel- 
laneous Types. By H. E. Butler and G. I. Thompson. Pp. 225-257. 
(Ndinburgh and London : H.M. Stationery Office, 1961.) 9s. net, [195 
B.B.C, (TV). Saturday Morning Television introduces Science on 
Saturday. Pp. 16. (London: B.B.C. (TV)). [195 
British Scientitic Instrument Research Association. A Survey 
of Instrument Parts No. 4 Instrument Ball Bearings—a Survey 
for the User. By P. J. Geary. Pp. vii + 73. (Chislehurst : — 
Scientific Instrument Research Association, 1961.) 21s. [24 
The Worshipful Society of Apothecaries of London: Faculty of the 
History of Medicine and Pharmacy. Second Annual Report and List of 
Members 1960-61. Pp. 20. (London: The Worshipful Society of 






Apothecaries of London, 1961.) [245 
Library Association. Annual Report, 1960. Pp. 28. (London: 
Library Association, 1961.) [245 
The Future of Television Broadcasting in Great Britain. Prepared 
by the Sritish Institution of Radio Engineers. Pp. 19. (London: 


The British Institution of Radio Engineers, 1961.) 5s. [245 

Western Regional Hospital Board, Glasgow. Annual Report of the 
Regional Physicist for the year 1960. Pp. 50. (Glasgow: Western 
Regional Hospital Board, Physics Department, 1961.) [245 


Other Countries 


New Zealand Forest Service. Information Series No. 33: Statistics 
of the Forests and Forest Industries of New Zealand. Third edition. 
Pp. 96. (Wellington: Government Printer, 1961.) {175 

Museum of Comparative Zoology at Harvard College. Breviora. 
No. 133 (February 27, 1961): On the Generic Limits in the Family 
Pilidae (Prosobranchia: Mollusca). By Edward H. Michelson. Pp. 
10. No. 134 (February 28,1961): Enzymatic Constitution of Alsophis 
Saliva and Its a- al Implic ations. By George Hegeman. Pp. 8. 
No. 135 (April 7, 1961): Notes on Hispaniolan Herpetology. 2: A 
Review of the Anolis semilineatus Group with the description of Anolis 
cochranae, New Species. By Ernest E. Williams and A. Stanley Rand. 
Pp. 11. No. 136 (April 8, 1961): Notes on Hispaniolan Herpetology. 
3: The Evolution and Relationships of the Anolis semilineatua Group. 
By Ernest E. Williams. Pp. 8. No. 137 (April 10, 1961): Notes on 
Hispaniolan Herpetology. 4: Anolis koopmani, New Species, from 
the Southwestern Peninsula of Haiti. By A. Stanley Rand. Pp. 4. 
(Cambridge, Mass.: Museum of Comparative Zoology at Harvard 
College, 1961.) 175 

Institut des Pares Nationaux du Congo et Ruanda-Urundi. Explo- 
ration du Pare National Albert: Mission G. F. De Witte (1933-1935). 
Fascicule 97 (1) Perlidae (Plecoptera). By H. B. Noel Hyne. (2) 
Bruchidae (Coleoptera Phytophagoidae). Par Jean Decelle. (3) 
Athalia (Hymenoptera Tenthredinidae). By Robert B. Benson. 
Pp. 21. Exploration du Pare National de la Garamba: Mission H. 
de Saeger en collaboration avee P. Baert, G. Demoulin, I. Denisoff, J. 
Martin, M. Micha, A. Noirfalise, P. Schoemaker, G. Troupin et J. 
Verschuren, (1949-1952). Fascieunle 18. (1) Pentastomidae. Par 
Jean Doucet. (2) Cixiidae. Par Henri Synave. (3) Bruchidae. Par 
Jean Decelle. Pp. 75. Fascicule 19. (1) Perli. By H. B. Woel 
Hyne. (2) Anthribidae. Von Paul Wolfrum. (3) Meloidae. Von 
Zoltan Kaszab. Pp. 55. Fascicule 22: Languriidae (Coleoptera 
Clavicornia). Par André Villiers. Pp. 71. Exploration du Pare 
National de I'Upemba: Mission G. F. de Witte en collaboration avec 
W. Adam, A. Janssens, L. Van Meel et R. Verheven (1946-1949). 
Fascieule 55: Araneae Lycosaeformia II (Lycosidae). Von Carl-Fr. 
Roewer. Pp. 1040 (2 vols.). Fascicule 59. (1) Pentastomida. Par 
Jean Doucet. (2) Cicadidae. By Jiri Dlabola. (3) Alticidae. Par 
Jean Bechyné. (4) Euaesthetinae. By David H. Kistner. (5) Genus 
Zyras. By Horace Last. (6) Bruchidae. Par Jean Decelle. Pp. 
144. (Bruxelles: Institut des we Nationaux du Congo et du 
Ruanda-Urundi, 1959, 1960 et 1961.) (185 

Astronomiache Abhandlungen der Hamburger Sternwarte. Band 5, 
Nr. 6: Dreifarben- v.37 von NGC 7789. Von Istvan Ozsvath. 
Pp. 127-214. Band 5, Nr. 7: Dreifarben-Photometrie einer Stern- 


eg ngruppe in der ¢: assiopeia (NGC 103, NGC 129, NGC 136, NGC 
46, K 14 und K 16.) 


Von Johannes Hardorp. Pp. 215-262. Band 
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5, Nr. 8: Proposal for a Photo-electric Meridian Circle and a y, 
Principle of Instrumental Design. By Erik Hog. Pp. 263-2 
Band 5, Nr. 9: Uber die Polarisaticn des Sternlichtes, die Strahl 


der Sterne sowie Bemerkungen zur Galaktischen struktur. Von 
Thiessen. Pp. 273-319. Band 6, Nr. 1: Die Veranderlichen » 
Siidteil der Cygnuswolke, Teil i. Von Arthur Arno Wachmay?} 
Pp. 1-96. Hi: amburge r Sternwarte : Warner and Swasey Observate 
Luminous Stars in the Northern Milky Way, II. By J. Stock, J 
assau and C. B. Stephenson. Pp. 30. (Hamburg-—Bergedor 
Hamburger Sternwarte, 1960 und 1961.) {1 
Sveriges Geologiska Undersékning. Avhandlingar och Uppsate 
Ser. C. No. 568: Tectonic Conditions on the Front Range of 
Swedish Caledonian in Central Norrl: and. Ky Torsten du Rie 
Pp. 57+4 plates. 9.50 kr. No. 57: The Miogeosynclinal Roc 
of Eastern Ceniral Sweden. Per H. Lundegardh. Pp. 68+1 ply 
10.00 kr. No. 571: On Tylocidaris Species (Echinoidea) and w 
Stratigraphy of the Danian of Sweden, with a Bibliography of ¢ 
Danian and the Paleocene. By Fritz Brotzen. Pp. 81+3 plate 
7.00 kr. No. 572: En Zon av Kaolinlera och Vittrad Blodsten y 
Svappavaara, Norrbotten. Av Rudyard Frietsch. Pp. 45, ¥ 
573 : Issjéar och Isavasmaltning i {stra Jimtland. Av Jan Lundavis 
Pp. 29. 2.00 kr. No. 574: An Interglacial Peat at Ale near = 
Northern Sweden. By Erik Fromm. Pp. 14. 2.00 kr. 
The Interglacial Ooze at Porsiin Lapland. By G. Lund iqvist. 
3.00 kr. No. 576: Vaggerydssyeniten. Av Percy Quensel. P; 
38+1 plate. 4.00kr. Ser. Ba, Nr. 20: Jordartskarta Over Gotadlvd 
len. Karta i tre blad.. (Map in thee sheets.) Av Bjérn Jarneforn 
11.00 kr. per blad. Asberattelse for Ar 1958. Pp. 15. 0.50 k 
Arsberittelse for Ar 1959. Pp. 8. 0.50 kr. (Stockholm: Sverig: 
Geologiska Undersdkning, 1960.) 4 
Canada: Department of Mines and Technical Surveys. Geologic 
Survey of Canada. Paper 60-26: Subsurface Stratigraphy of Ordoy 
cian Rocks in Southwestern Ontario. By B. V. Sanford. Pp. iv+i 
50 cents. Map 49-1960 (Geology), Prince George, Cariboo Distric 
British Columbia. (Preliminary Series, Advance edition. Sheet 936 
Bulletin No. 75: The History and Geology of ee Is land, Arcti 
Archipelago. By R. Thorsteinsson. Pp. 19, 75 cents 
(Ottawa : Queen’s Printer, 1961.) (24: 
Soils Research and Survey Section of the Regional Research Centre 
Imperial College of Tropical Agriculture, University College of th 
West Indies. Soil and Land-Use Surveys No. 12: Jamaica—Paris 
of Hanover. By R. W. Price. Pp. 25. (St. Augustine, Trinidad ' 
Imperial College of Tropic al Agriculture, 1960.) 14s. (24 
United States Department of the Interior: Geological Survey 
Bulletin No. 1058-1: Toftvy Tin Belt, Hot Springs District, Alask: 
By Russell G. Wayland. Pp. iv +363-414+ plates 49-43.  Bulleti 
1084—H : An Evaluation of Whole- Orde r, $-Order. and }-Order Report 
ing in Semiquantitative Spectrochemical Analysis. By Paul B 
Barnett. Pp. iii+183-206. 15 cents. Bulletin 1098-A: Ge 
chemical Studies on the Coeur d’Alene District, Shoshone County 
Idaho. By Vance C. Kennedy. With a section on Geology by » 
Warren Hobbs. Pp. v+55+7 plates. 1.25 dollars. Water-Supply 
Paper 1498-C: Depth-Discharge Relations of Alluvial Streams— 
Discontinuous Rating Curves. By David R. Dawdy. Pp. iv+it 











15 cents. Water-Supply Paper No. 1533: Reconnaissance of Grouné 
Water Resources in the Blue Grass Region. Kentucky. By W. } 
Palmquist, Jr. and F. R. Hall. Pp. iv+39+3 plates. Water-Suppl 


Jet Drilling in the Fairbanks Area, Alaska. By D.! 
C. Tibbitts, Jr. Pp. iii+2s8. (W: ishington. — 
1960 and 1961.) 

United States Department of the Interior: Fish and wildii 
Service. Fishery Bulletin No. 181: Filefishes (Monacanthidae) of th 
Western North Atlantic. By Frederick H. Berry and Louis E. Vogel 
Pp. iv+61-109. (Washington, D.C.: Government Printing Office 
1961.) 40 cents. [245 

Geological Survey of Tanganyika. 
line Rocks of the Igawa Area. By Dr. P. E. Brown. Pp. iii+23+1 
plates. Shs. 7. Quarter Degree Sheet 53 S.E.: Kilosa. Firs, 
edition. (Dar-es-Salaam : Government Printer, 1959 and 1960.) [24/ 

Indian Forest Bulletin (New Series). Timber Mechanics. No. 224 
Recent Work on Testing of Wood Poles. By A. C. Sekhar, 5. >) 
Sachar and P. Pal. Pp. 29. No. 227: Comparative Studies « 
Natural and Plantation Teak. By A. C. Sekhar, R. K. Bhartri ani! 
M. S. Rawat. Pp. 10. Entomology. No. 228: Results of Experi 
ments on the Anti-borer Protection of Two Species of Timber, an 
and Bijasal, by means of Insecticides. By M. L. Roonwal, P. | 
Chatterjee and R.S.Thapa. Pp.4. (Delhi: Manager of Publication 
1 


960.) 

United States Department of Health, Education, and Welfar 
Public Health Service Publication No. 815: Highlights of Researe\ 
Progress in General Medical Sciences 1960—Items of Interest on Re- 
search Studies and Research Training Programs supported by th 
Division of General Medical Sciences. National Institutes of Health 
Bethesda, Md. Pp. v+45. (Washington, D.C. : Governmen 
Printing Office, 1961.) 25 cents. (24 
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